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ABSTRACT 

This r e p o r t  covers t h e  ac t iv i t ies  of t h e  Nat ional  Aeronautics 
and Space Administration (NASA) Technology Applicat ion Team (TATeam) 
l oca t ed  a t  t h e  Research Triangle  I n s t i t u t e  (RTI) f o r  t h e  pe r iod  from 
15 March 1970 t o  30 September 1970. 
are those d i r e c t e d  towards t h e  accomplishment of Tasks g.1. (a) and g.1. 
(b) ,  Article 11, Statement of Work of t h e  Schedule of NASA Contract 
No. NASW-1950 and r e l a t e d  t o  t h e  t r a n s f e r  of aerospace sc i ence  and 
technology t o  app l i ca t ions  i n  a i r  p o l l u t i o n  control .  
h e r e  was performed by an i n t e r d i s c i p l i n a r y  team i n  t h e  Engineering and 
Environmental Sciences Divis ion (EESD) of RTI.  This p r o j e c t  i s  under 
t h e  gene ra l  d i r e c t i o n  of D r .  J.N. Brown, Jr . ,  Manager, Systems Engineering 
Department, EESD. M r .  C. E. Decker is t h e  P r o j e c t  Leader and author  of 
t h i s  r epor t .  A t  t h e  p re sen t  t i m e  t h e  RTI  Technology Applicat ion Team 
is  s t a f f e d  by : D r .  J. N. Brown, Jr., Electrical Engineer; Mr. C. E. 
Decker, A i r  P o l l u t i o n  Chemist; M r .  F. Smith, Engineer; and M r .  B. W. 
Crissman, Research Ass i s t an t .  Addit ional ly ,  t h e  team draws upon the c a p a b i l i t y  
of o t h e r  members of t h e  R T I  s t a f f  as needed. 
w e r e  coordinated wi th  the  Technology U t i l i z a t i o n  Divis ion of NASA and 
with t h e  Nat ional  Air P o l l u t i o n  Control Administration i n  Washington, 
D. C., Durham, North Carolina,  Cincinnat i ,  Ohio,and Ann Arbor, Michigan. 

Activit ies covered by t h i s  r e p o r t  

The work r epor t ed  

A l l  phases of t h i s  p r o j e c t  

During t h e  r epor t ing  per iod,  t h e  Research Tr i ang le  I n s t i t u t e  Technology 
Application Team has i d e n t i f i e d  11 new problems f o r  i n v e s t i g a t i o n ,  
c losed 20 o l d  problems, and on 30 September 1970 had a t o t a l  of 26 
problems under active inves t iga t ion .  
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1.0 INTRODUCTION 

1.1 Int roductory  Comments 

S i g n i f i c a n t  b e n e f i t s  are t o  be gained by applying the s c i e n t i f i c  
and technologica l  r e s u l t s  o f  f e d e r a l l y  funded research and development 
(R and D) programs t o  problem areas o the r  than  those f o r  h i c h  they were 
crea ted .  
very s i g n i f i c a n t  technologica l  achievements which have been r e a l i z e d  i n  
t h e  p a s t  decade demand t h a t  an e f f o r t  be made t o  apply the r e s u l t s  of 
t hese  programs t o  t h e  s o c i a l ,  economic, environmental ,  and hea l th- re la ted  
s e c t o r s  of our soc ie ty .  

The s i z e  of t he  n a t i o n a l  rnvestnent  i n  R and D programs and t h e  

The Nat iona l  Aeronautics and Space Adminis t ra t ion (NASA) has  been a 
leader  and innovator  i n  the  establ ishment ,  s tudy ,  and assessment of 
technology t r a n s f e r  programs s i n c e  t h a t  agency was  e s t ab l i shed  by t h e  
Space A c t  of 1958. 
Survey, and Regional Dissemination Center programs, NASA has  been success- 
f u l  i n  t r a n s f e r r i n g  t h e  r e s u l t s  of aerospace R and D t o  nonaerospace 
appl ica t ions .  

Through i t s  Tech B r i e f ,  Spec ia l  Pub l i ca t ion ,  Technology 

I n  1966, NASA e s t ab l i shed  a program which uses  an a c t i v e ,  d i r e c t e d  
technology t r a n s f e r  methodology. 
Biomedical Applicat ion Teams a t  not - for -prof i t  research  i n s t i t u t e s .  The 
methodology used is active i n  t h a t  t h e  teams i n i t i a t e  t h e  i d e n t i f i c a t i o n  
and d e f i n i t i o n  of problems which may be  amenable t o  s o l u t i o n  by t h e  appl i -  
ca t ion  of aerospace technology; i t  is  d i r e c t e d  i n  t h a t  t h e  teams' e f f o r t s  
are d i r e c t e d  toward solving problems i n  biology and medicine i n  order  t o  
enhance progress  i n  medical research  and i n  e s t a b l i s h i n g  more e f f e c t i v e  
medical care i n  t h e  United S t a t e s .  

I n  t h i s  program, NASA e s t ab l i shed  t h r e e  

More r e c e n t l y ,  NASA has extended t h e  scope of i t s  team approach t o  
technology t r a n s f e r  and has e s t ab l i shed  fou r  Technology Applicat ion Teams 
(TATeam) at research  i n s t i t u t e s .  The e f f o r t s  of t h e s e  TATeams are 
d i r e c t e d  toward t r a n s f e r r i n g  aerospace technology t o  app l i ca t ions  i n  a 
number of publ ic  s e c t o r  areas. 
p o l l u t i o n  con t ro l ,  water p o l l u t i o n  con t ro l ,  marine sc iences ,  mine s a f e t y ,  
and o thers .  
are loca ted  a t  t h e  following i n s t i t u t i o n s  : 

These pub l i c  s e c t o r  areas inc lude  a i r  

The fou r  Technology Applicat ion Teams e s t ab l i shed  3y  NASA 
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Stanford Research I n s t i t u t e  
333 Ravenswood Avenue 
Menlo Park, 
C a l i f o r n i a  94025 

Abt Assoc ia tes ,  Incorporated 
55 Wheeler Street  
Cambridge, Massachusetts 02138 

This  r e p o r t  covers t h e  activities of t h e  Research Tr i ang le  I n s t i t u t e  
(RTI) Technology Applicat ion Team i n  t h e  pub l i c  s e c t o r  area of a i r  
po l lu t ion  c o n t r o l  f o r  t h e  per iod 15 March 1970 t o  30 September 1970. 
t h e  remainder of Sect ion 1.0 are presented d iscuss ions  of Technology Appli- 
c a t i o n  Team ob jec t ives  and methodology. 

I n  

1 .2  Technology Applicat ion Team Program 

The s p e c i f i c  ob jec t ives  of NASA's Technology Applicat ion Team 
program are as fol lows:  

Transfer  a maximum number of s p e c i f i c  i t e m s  
of aerospace technology t o  app l i ca t ions  i n  
air po l lu t ion  c o n t r o l  i n  order  t o  so lve  o r  
p a r t i a l l y  so lve  problems i n  t h e  area of air  
p o l l u t i o n  con t ro l ;  

Analyze, r e f i n e ,  and document t h e  manner i n  
which t h e  t r a n s f e r  of aerospace technology t o  
a i r  p o l l u t i o n  c o n t r o l  i s  accomplished i n  order  
t o  enhance t h e  understanding of active pro- 
cesses  of technology t r a n s f e r ;  and, 

Motivate p o t e n t i a l  adopters  of aerospace 
technology i n  a i r  p o l l u t i o n  c o n t r o l  organiza- 
t i o n s  involved i n  generat ing advanced technology, 
and ind iv idua ls  who can inf luence  technology 
t r a n s f e r  programs t o  become a c t i v e l y  involved 
i n  more comprehensive technology u t i l i z a t i o n  
programs. 

A desc r ip t ion  of t h e  Technology Applicat ion Team program can be  
f a c i l i t a t e d  by re ference  t o  Fig. 1. Bas ica l ly ,  t h e  team rep resen t s  an 
i n t e r f a c e  and information channel between s c i e n t i s t s  and engineers  i n  
t h e  Nat ional  A i r  Po l lu t ion  Control Administration (NAPCA) and t h e  body 
of s c i e n t i f i c  and t echn ica l  information t h a t  has  r e s u l t e d  from t h e  
na t ion ' s  aerospace R and D e f f o r t .  
t echnologica l  problems and requirements being encountered i n  NAPCA wi th  
r e l evan t  aerospace technology and, i n  p a r t i c u l a r ,  NASA-generated tech- 
nology. The team a c t i v e l y  engages i n  iden t i fy ing  these  problems through 
d i r e c t  contac t  wi th  the  NAPCA s t a f f ,  t h e  "problem or ig ina tors" .  
i d e n t i f i c a t i o n  and s p e c i f i c a t i o n  of problems i s  followed by a search f o r  
technology which may be  r e l evan t  t o  so lu t ions  t o  t h e s e  problems. 

The team at tempts  t o  couple t h e  

The 

2 



NASA R & D 

APPLICATION 
ORIGINATOR 

NASA FIELD 
CENTER PERSONNEL 

F i g u r e  1. P o s s i b l e  Mechanisms f o r  T r a n s f e r  of Information/ 
Hardware .  
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Generally,  technology relevant t o  s p e c i f i c  problems is  i d e n t i f i e d  
through two apprpaches: (1) manual and computer searching of t h e  
aerospace information bank crea ted  by NASA as p a r t  of i ts  R and D 
e f f o r t ,  and (2) d i r e c t  c o n t a c t  with the  engineer ing and s c i e n t i f i c  
s t a f f  a t  NASA F ie ld  Centers.  
s en t ing  p o t e n t i a l  so lu t ions  t o  problems is channeled through t h e  team 
t o  the problem o r i g i n a t o r  f o r  eva lua t ion  and implementation as a 
s o l u t i o n  t o  his problem. Al t e rna t ive ly ,  t h e  team e s t a h l i s h e s  a contac t  
between the problem o r i g i n a t o r  and NASA 'Field Center personnel ,  and 
thereby t h e  t r a n s f e r  of i n f o r m a t b n  between NASA and NAPCA becomes more 
d i r e c t .  
accura te ,  and complete is  t h i s  t r a n s f e r .  
create these  d i r e c t  interchanges whenever appropr ia te  and f e a s i b l e .  

Information desc r ib ing  technology repre-  

The more d i r e c t  t h e  t r a n s f e r  of information,  t h e  more r e l e v a n t ,  
Thus, t h e  TATeam a t t empt s  t o  

It is  s t r e s s e d  t h a t  t he  TATeam i s  an information t r a n s f e r  agent  
and not  a mechanism f o r  obtaining NASA hardware. 
program is ,  never the less ,  t h e  adoption of aerospace technology i n  moni- 
t o r i n g  and con t ro l l i ng  a i r  po l lu t ion  and t h i s  f requent ly  r equ i r e s  t h a t  
p o t e n t i a l l y  appl icable  technology be reengineered o r  adapted f o r  s p e c i f i c  
app l i ca t ions .  This reengineering and, more genera l ly ,  t h e  implementation 
of aerospace technology is  t h e  r e s p o n s i b i l i t y  of t he  problem o r ig ina to r .  

The goal  of t h e  

The successfu l  t r a n s f e r  of information on aerospace technology t o  
an ind iv idua l  o r  group followed by success fu l  implementation of t h e  
technology wi th  r e s u l t i n g  b e n e f i t s  t o  t h e  accomplishment of some objec- 
t i v e  i n  a i r  p o l l u t i o n  con t ro l  is  ca l l ed  a "technology t r ans fe r " .  

A s p e c i f i c  methodology is  appl ied by t h e  Technology Applicat ion Team 
i n  i t s  e f f o r t s  t o  a f f e c t  technology t r a n s f e r s .  This  methodology i s  
discussed i n  t h e  following sec t ion .  

1 . 3  Methodology 

The methodology used by t h e  TATeam c o n s i s t s  of four  b a s i c  s t e p s :  
problem d e f i n i t i o n ,  i d e n t i f i c a t i o n  of r e l evan t  technology, eva lua t ion  of 
r e l evan t  technology, and documentation. This methodology can b e  b e t t e r  
understood, however, i f  it is  broken down i n t o  t h e  seven s t e p s  shown i n  
Fig. 2. These s t e p s  are descr ibed i n  the  following paragraphs,  

Problem screening  -- E f f e c t i v e  problem screening is a t  least as 
important t o  t h e  success  of the  TATeam program as any of t he  opera t iona l  
s t e p s  i d e n t i f i e d  i n  Fig. 2. Analysis of both t h e  Biomedical Applicat ion 
Team and the  Technology Applicat ion Team loca ted  a t  RTI i n d i c a t e s  c l e a r l y  
t h a t  a very  s igni f icant :  f r a c t i o n  of t h e  problems which have been i n v e s t i -  
gated unsuccessful ly  could have been r e j e c t e d  very e a r l y  i n  d iscuss ions  
with problem o r i g i n a t o r s ,  Problem s e l e c t i o n  cri teria have been developed 
with t h e  ob jec t ive  being t o  inc rease  t h e  average p robab i l i t y  t h a t  a tech- 
nology t r a n s f e r  can b e  accomplished f o r  problems accepted by t h e  team. 
p resen t ,  t he  following c r i t e r i a  are being appl ied:  

A t  

Solving t h e  problem would enhance the  r e a l i z a t i o n  
of important ob jec t ives  of t h e  Nat iona l  A i r  
P o l l u t i o n  Control Administration. 

4 



LANUAL/COMPUTER 
INFORMATION 

OF PROBLEM 
STATEMENT 

TO NASA 
FIELD CENTERS 

DIRECT CONTACI 
WITH NASA 

FIELD CENTER 
PERSONNEL 
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EVALUATION OF 
SEARCH RESULTS AND 
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EVALUATION 
OF POTENTIAL 

APPLICATIONS OF 
DOCUMENTATION 

IMPLEMENTATION / 

Figure 2. F l o w  Chart of T e c h n o l o g y  A p p l i c a t i o n  Team 
T r a n s f e r  Methodology. 
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The problem has been encountered I n  ongoing research  
and development ox opera t iona l  programs and i s  impeding 
progress  of e i t h e r  program, 

Solving t h e  problem is  given high p r i o r i t y  by t h e  
problem o r i g i n a t o r ,  

The problem is  one of a t  most two being inves t iga t ed  
wi th  an ind iv idua l  problem o r i g i n a t o r ,  

Problems which do not  s a t i s f y  t h e s e  cr i ter ia  are r e j e c t e d ,  Prob- 
l e m s  may a l s o  be  r e j ec t ed  following p a r t i a l  completion of t h e  next  s t e p ,  
problem d e f i n i t i o n .  

Problem Def in i t i on  -- The ob jec t ive  of t h i s  s t e p  is  t o  de f ine  
p rec i se ly  and accura te ly  the  c h a r a c t e r i s t i c s  of t h e  technology required 
t o  so lve  a problem. It is  important t h a t  a l l  necessary c o n s t r a i n t s  are 
included and equal ly  important t h a t  no unnecessary c o n s t r a i n t s  are 
included i n  charac te r iz ing  the  required technology. I n  many cases ,  
following t h e  cha rac t e r i za t ion  of required technology, it is found t h a t  
t h e  problem should be r e j ec t ed  o r  c losed f o r  any of a number of reasons.  
These reasons inc lude ,  as examples, t h e  fol lowing:  (1) t h e  problem can 
be  solved using commercially a v a i l a b l e  equipment; (2) t h e  problem cannot 
be solved and an e n t i r e l y  d i f f e r e n t  approach is ind ica t ed ;  (3 )  t h e  prob- 
l e m  is not  r e l a t e d  t o  aerospace technology; and ( 4 )  t h e  requirements 
cannot be spec i f i ed  because i n s u f f i c i e n t  information exists on t h e  objec- 
t i v e  involved. 

The end r e s u l t  of problem d e f i n i t i o n  i s  t h e  prepara t ion  of a problem 
statement ,  
cha rac t e r i za t ion  of what is requi red  t o  so lve  t h e  problem, and (2) t h e  
r e l a t e d  problem o r  ob jec t ive  and the  b e n e f i t s  t o  be r e a l i z e d  by solving 
t h e  problem. 

This s ta tement ,  t o  be complete, must conta in  (1) a complete 

I d e n t i f i c a t i o n  of r e l evan t  aerospace technology -- Aerospace tech- 
nology which may be re levant  t o  t h e  s o l u t i o n  of a problem is i d e n t i f i e d  
by t h r e e  approaches. F i r s t ,  a manual or  computer search  is  made of t h e  
aerospace information bank. 
Regional Dissemination Centers (RDC). The RDC used by t h e  RTI TATeam i s  
the  North Carol ina Science and Technology Research Center (NCSTRC) 
loca ted  i n  t h e  Research Tr iangle  Park,  N. C. The information bank which 
can be  accessed through the  RDC's  c o n s i s t s  of t h e  approximately 700,000 
documents, a r t i c l e s ,  and t r a n s l a t i o n s  which have been abs t r ac t ed  i n  t h e  Sc i -  
e n t i f i c  and Technical Aerospace Reports (STAR) and the  I n t e r n a t i o n a l  
Aerospace Abs t rac ts  (IAA). Second, problem statements  are c i r c u l a t e d  t o  
NASA Fie ld  Center engineers  and s c i e n t i s t s  who may be a b l e  t o  i d e n t i f y  
r e l evan t  technology and suggest poss ib l e  s o l u t i o n s  t o  problems, These 

These searches are made a t  one of NASA's s i x  
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statements  are c i r c u l a t e d  i n  a highly selective manner with t h e  d i s t r i -  
bu t ion  being determined by the TATeam, Technology U t i l i z a t i o n  O f f i c e r s  
(TUO) a t  the F i e l d  Centers, and o the r  i nd iv idua l s  a t  t h e  F i e l d  Centers.  
Third,  t he  team i n  some cases con tac t s  i nd tv idua l s  a t  NASA F ie ld  Centers 
d i r e c t l y  without c i r c u l a t t n g  prohlem statements .  This  i s  done when one 
can i d e n t i f y  a r e l a t i v e l y  few ind iv idua l s  a t  t h e  F ie ld  Centers who should 
have a good overview of a l l  NASA B and D which i s  r e l a t e d  t o  t h e  requi re -  
ments of a s p e c i f i c  problem, 

F i r s t  eva lua t ion  -- A l l  p o t e n t i a l l y  r e l evan t  technology i d e n t i f i e d  
i n  the  preceding s t e p  is evaluated by t h e  TATeam t o  determine i f  a 
p o t e n t i a l  s o l u t i o n  t o  a s p e c i f i c  problem has been found. Those i t e m s  of 
technology which represent  p o t e n t i a l  s o l u t i o n s  t o  problems are presented 
t o  problem o r i g i n a t o r s  along wi th  a v a i l a b l e  support ing d a t a  and informa- 
t i on .  

Second eva lua t ion  -- The problem o r i g i n a t o r  must then eva lua te  
p o t e n t i a l  so lu t ions .  
depend upon a number of f a c t o r s  including:  (1) h i s  assessment of t h e  
v a l i d i t y  of t h e  proposed p o t e n t i a l  so lu t ion ,  (2) t h e  c o s t  of implementing 
t h e  p o t e n t i a l  s o l u t i o n ,  and (3) t h e  p o t e n t i a l  b e n e f i t s  t o  be gained. The 
team may be  asked t o  supply add i t iona l  information and t echn ica l  d e t a i l s  
i n  t h i s  eva lua t ion .  

H i s  dec i s ion  t o  implement a proposed s o l u t i o n  w i l l  

Implementation, f i n a l  eva lua t ion ,  adoption -- The f i n a l  s t e p  i n  the  
t r a n s f e r  process is  implementation and experimental  eva lua t ion  of poten- 
t i a l  so lu t ions .  This  i s  t h e  r e s p o n s i b i l i t y  of t h e  problem o r i g i n a t o r .  
The team i s  a v a i l a b l e  f o r  a s s i s t a n c e  i n  t h i s  s t e p  when requi red ,  
when a p o t e n t i a l  so lu t ion  i s  shown t o  be  a v a l i d  s o l u t i o n  t o  a problem, 
t h i s  s o l u t i o n  i s  adopted by t h e  problem o r i g i n a t o r  and the  t r a n s f e r  i s  
complete. 

Hopefully, 

Documentation -- Documentation i s  an i n t e g r a l  p a r t  of t he  TATeam 
methodology; i t  is  involved at  most s t e p s  i n  t h e  process  as indica ted  i n  
Fig. 2. 
ment of t he  program i n  general .  
monthly, and semiannual schedule.  E f fec t ive  communications is v i t a l l y  
important between TATeams and p o t e n t i a l  problem o r i g i n a t o r s  and o the r  
ind iv idua ls  who are i n  a pos i t i on  t o  make use of information r e s u l t i n g  
from t r a n s f e r s  accomplished by the  TATeams, 

Documentation allows ana lys i s  of t h e  t r a n s f e r  process  and assess- 
A t  p re sen t ,  t h e  teams r e p o r t  on a weekly, 

1.4 Technology Application Team Composition and Its 
I n t e r f a c e  with t h e  Nat ional  A i r  Po l lu t ion  
Control Administration 

The RTI TATeam is  a mul t id i sc ip l ina ry  group of engineers  and 
s c i e n t i s t s .  
been involved i n  t h i s  program: 

During t h e  repor t ing  per iod ,  t h e  following ind iv idua l s  have 

D r .  J. N. Brown, Jr. E l e c t r i c a l  Engineer and Manager of 
Sys terns Engineering Department, 
Engineering and Environmental Sciences 
Divis ion (EESD) 
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M r .  C. E. Decker Air P o l l u t i o n  C h e m i s t  i n  t h e  Engineering 
Physics Department, EESD 

M r .  F. Smith 

M r .  B. W. Crissman 

Engineer i n  Engineering Physics Department, 
EESD 

Research Ass i s t an t  i n  Environment 
Sciences Department, EESD 

The experience and special c a p a b i l i t i e s  of o the r  i nd iv idua l s  of RTI and p a r t i -  
c u l a r l y  those of t h e  Engineering and Environmental Sciences Div is ion  are 
f requent ly  used i n  the  TATeam program on an as-needed bas i s .  

A t  t he  present  t i m e ,  t he  RTI  TATeam i s  working with a l l  t h r e e  bureaus 
i n  NAPCA ( i . e .  Bureau of Criteria and Standards,  D r .  Delber t  Barth,  Chief; 
Bureau of Engineering and Phys ica l  Sciences,  M r .  Paul Spa i t e ,  Chief;  and 
Bureau of Abatement and Control,  Mr- Robert Harris, Jr.,  Chief . )  Within t h e  
Bureau of Criteria and Standards,  t h e  ac t iv i t ies  of t he  RTI  TATeam have 
been concentrated i n  t h e  Division of Health Ef fec t s  Research and the  
Divis ion of A i r  Qual i ty  and Emission Data. 
and Phys ica l  Sciences,  t he  TATeam i n t e r f a c e  extends across  all fou r  d i v i s i o n s :  
Chemistry and Physics Divis ion,  Meteorology Divis ion,  Process Control 
Engineering Divis ion,  and the  Division of Motor Vehicle Research and 
Development. Within t h e  Bureau of Abatement and Control, a c t i v i t i e s  have 
been i n i t i a t e d  with the  Abatement Division. It is  a n t i c i p a t e d  t h a t  
i n i t i a l  contac ts  with two o the r  d iv i s ions  ( i . e .  Control Agency Development 
and Motor Vehicle Po l lu t ion  Control w i l l  be made during t h e  next  bmonth 
repor t ing  per iod.  When t h i s  technology u t i l i z a t i o n  program w a s  i n i t i a t e d  
e a r l y  i n  1969, i t  w a s  decided j o i n t l y  by NAPCA, NASA, and t h e  RTI TATeam 
t h a t  these  dzvis ions represented t h a t  p a r t  of NAPCA having the  g r e a t e r  
p o t e n t i a l  f o r  applying aerospace-developed technology. 

Within the  Bureau of Engineering 

During the  las t  s i x  months NAPCA has  been undergoing major reorganiza t ions  
and w i l l  most l i k e l y  be a f f ec t ed  by t h e  formation of t h e  new Environmental 
P ro tec t ion  Agency. Personnel s h i f t s ,  promotions, and s h i f t s  of e n t i r e  
s ec t ions  from one d iv i s ion  t o  another,  and s h i f t s  i n  r e s p o n s i b i l i t i e s  have 
a f f ec t ed  t h e  e f f i c i ency  with which the  TATeam has  been ab le  t o  func t ion ,  
as an i n t e r f a c e  between NASA and NAPCA. I n  the  last  month, two problem 
o r i g i n a t o r s  have changed jobs and s e r i o u s l y  a f f ec t ed  the  outcome of f i v e  
problems. I f  t h e  persons replacing these  problem o r i g i n a t o r s  r e t a i n  the 
problems and become e n t h u s i a s t i c  about them, then some u s e f u l  t r a n s f e r  of 
technology may occur. 
problems. 
t h a t  personnel  changes and changes i n  assignments w i l l  continue f o r  s e v e r a l  
months. 
s t a b i l i z e d  can t h e  TATeam be 100 percent  e f f e c t i v e .  

Otherwise, t h e  team w i l l  have t o  begin anew with o ther  
I n  e i t h e r  case va luable  t i m e  i s  expended. It is  a n t i c i p a t e d  

Only u n t i l  NAPCA'S o rgan iza t iona l  s t r u c t u r e  becomes f i n a l i z e d  and 
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1.5 L i s t  of Def in i t i ons  

I n  t h e  Technology Applicat ion Team program, a number of terms 
have evolved which desc r ibe  t h e  elements and processes  r e f e r r e d  t o  i n  
t h i s  program. 
of r e a d e r s ,  t h e s e  terms are l i s t e d  and def ined i n  t h i s  sec-tion fo r  easy 
and quick r e fe rence .  

Because of t h e i r  numlier and u n f a m i l i a r t t p  t o  t h e  m a j o r i t y  

Problem o r i g i n a t o r  -- An i n d i v i d u a l  a c t i v e l y  involved i n  an e f f o r t  
t o  reach a s p e c i f i c  o b j e c t i v e  i n  air  p o l l u t i o n  c o n t r o l  and faced by a 
s p e c i f i c  technological  problem which is impeding progress  toward that 
o b j e c t i v e .  

Technology Application Team (TATeam) -- A m u l t i d i s c i p l i n a r y  group of 
engineers  and s c i e n t i s t s  engaged i n  problem-solving activit ies i n  biology 
and medicine with t h e  s p e c i f i c  o b j e c t i v e s  of 
of aerospace technology t o  so lve  o r  a i d  i n  so lv ing  problems i n  t h e  pub l i c  
s e c t o r ,  and (2) understanding and optimizing t h e  methodology f o r  
e f f e c t i n g  such t r a n s f e r s  of technology. 
involves  (1) problem s e l e c t i o n ,  d e f i n i t i o n ,  and s p e c i f i c a t i o n ;  (2) iden- 
t i f i c a t i o n  
information searching,  c i r c u l a t i o n  o f  problem statements  t o  NASA F ie ld  Cen- 
ters, and con tac t s  with NASA engineers  and s c i e n t i s t s ;  (3) eva lua t ion  o f  
p o t e n t i a l  s o l u t i o n s ;  ( 4 )  implementation and adoption, by problem o r i g i n a t o r s  
of aerospace technology as s o l u t i o n s  o r  p a r t i a l  s o l u t i o n s  t o  problems i n  
t h e  pub l i c  s e c t o r ;  and (5) documentation. 

(1) e f f e c t i n g  t h e  t r a n s f e r  

The methodology used by t h e  TATeam 

of p o t e n t i a l  s o l u t i o n s  t o  problems by manual and computer 

Problem -- A s p e c i f i c  and d e f i n a b l e  technological  requirement t h a t  
cannot be  s a t i s f i e d  wi th  known commercially a v a i l a b l e  equipment o r  through 
the  a p p l i c a t i o n  of information o r  knowledge a v a i l a b l e  t o  t h e  problem 
o r i g i n a t o r  through r o u t i n e l y  used information channels. Problems accepted 
f o r  i n v e s t i g a t i o n  by the team are sub jec t  t o  problem screening cri teria 
which are discussed i n  Sect ion 1.3. Within the  context  of t h e  Technology 
Applicat ion Team program as i t  relates t o  t h e  Nat ional  A i r  P o l l u t i o n  
Control Administration, i t  i s  e x p l i c i t l y  assumed t h a t  problems inves t iga t ed  
by t h e  team are those which are impeding progress toward reaching an 
o b j e c t i v e  t h a t  involves  reducing a i r  p o l l u t i o n  i n  t h e  United States and 
maintaining reduced levels of air  po l lu t ion .  

Technology t r a n s f e r  -- The implementation and adoption of an i t e m  
of aerospace technology by a problem o r i g i n a t o r  t o  so lve  o r  a i d  i n  so lv ing  
a problem i n  t h e  p u b l i c  s e c t o r .  The p u b l i c  s e c t o r  a p p l i c a t i o n  involved is  
one which is  d i f f e r e n t  from t h a t  a p p l i c a t i o n  f o r  which the  aerospace tech- 
nology w a s  o r i g i n a l l y  developed. 

- .  - _ _  \ L. - 
Problem statement -- A conc i se ly  w r i t t e n  s ta tement  of a problem f o r  

communicating t o  information sea rch  s p e c i a l i s t s  s u f f i c i e n t  d e t a i l s  t o  assist 
them i n  performing a computer s ea rch ,  and f o r  communicating t o  NASA engineers  
and s c i e n t i s t s  s u f f i c i e n t  information t o  motivate them t o  consider  poss ib l e  
s o l u t i o n s  t o  t h e  problem and allow them t o  determine i f  and i n  what way 
they can assist i n  solving the  problem. 
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Computer information search -- A computerized information sea rch  
of t h e  aerospace information bank e s t a b l i s h e d  by NASA and made avail- 
a b l e  through s i x  Regional Dissemination Centers i n  t h e  United S t a t e s .  
This information bank c o n s i s t s  of the approximately 700,000 documents 
which have been indexed and abs t r ac t ed  i n  the  S c i e n t i f i c  and Technical  
Aerospace Reports (STAR) and I n t e r n a t i o n a l  Aerospace Abs t r ac t s  (IAA). 
Applicat ions engineers  a t  t h e s e  cen te r s  design sea rch  s t r a t e g i e s  using 
information i n  problem statements. These sea rch  s t r a t e g i e s  allow one 
t o  i d e n t i f y  those documents i n  t h e  information bank which are r e l e v a n t  
t o  t h e  s o l u t i o n  of a s p e c i f i c  problem. 

1.6 L i s t  of Abbreviations 

TATeam 
BATeam 
NCSTRC 

RDC 
RTI  
STAR 

TU0 
LRC 
MS FC 
NAP CA 

NCAR 

ESSA 

Technology Applicat ion Team 
Biomedical Applicat ion Team 
North Caro l ina  Science and 

Technology Research Center 
Regional Dissemination Center 
Research Tr i ang le  I n s t i t u t e  
S c i e n t i f i c  and Technical Aero- 

Technology U t i l i z a t i o n  O f f i c e r  
Langley Research Center 
Marshall Space F l i g h t  Center 
Nat ional  A i r  P o l l u t i o n  Control 

Nat ional  Center f o r  Atmospheric 

Environmental Science Se rv ices  

space Reports 

Adminis t ra t i  on 

Research 

Administration 
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2.0 TRANSFERS AND POTENTIAL TRANSFERS OF AEROSPACE TECHNOLOGY TO APPLICATIONS 
I N  AIR POLLUTION. 

2.1 Summary 

Of t h e  66 technological  requirements which have been i d e n t i f i e d  and 
s p e c i f i e d  by t h e  RTI TATeam i n  working with t h e  Na t iona l  A i r  P o l l u t i o n  Control 
Administration, p o t e n t i a l  s o l u t i o n s  have been i d e n t i f i e d  f o r  26 requirements.  
These 26 p o t e n t i a l  s o l u t i o n s  have involved 16 i t e m s  of NASA-generated aero- 
space technology, t h r e e  i t e m s  of nonaerospace r e l a t e d  technology, one i t e m  
of technology r e s u l t i n g  from an R and D program i n  Japan, and one instrument  
developed a t  t h e  Universi ty  of Minnesota (funded by NASA) f o r  a t o t a l  of 
21 d i f f e r e n t  i t e m s  of technology. These f i g u r e s  do not  i nc lude  i t e m s  of 
technology which have been uncovered by t h e  TATeam and are being evaluated 
by t h e  problem o r i g i n a t o r ,  have been presented t o  him and have been r e j e c t e d  
due t o  c o s t  of implementation, o r  have been presented t o  t h e  problem o r i g i n a t o r  
with no a c t i o n  being taken by him. 

Of t h e  66 technological  requirements which have been i d e n t i f i e d  and 

These were reported i n  a previous RTI report*.  
accepted as problems f o r  i n v e s t i g a t i o n  by t h e  TATeam, seven have r e s u l t e d  
i n  technology t r a n s f e r s .  
During t h e  period 15 March 1970 t o  30 September 1970, no t r a n s f e r s  of tech- 
nology w e r e  accomplished by t h e  RTI  TATeam. Three p o t e n t i a l  t r a n s f e r s  were 
documented during t h i s  period and 10  p o t e n t i a l  t r a n s f e r s  were deac t iva t ed .  

2.2 NASA Technology Relevant t o  So lu t ions  of Problems i n  A i r  P o l l u t i o n  
Control 

I n  t h i s  s e c t i o n  i s  b r i e f l y  discussed NASA technology which has been 
i d e n t i f i e d  by t h e  RTI  TATeam as r e l e v a n t  t o  t h e  s o l u t i o n  t o  5 of t h e  26 problems 
p resen t ly  being inves t iga t ed .  The s p e c i f i c  problems involved are i n  va r ious  
s t a g e s  of t h e  t r a n s f e r  progress and are descr ibed i n  Sect ion 2.0. A l l  
p o t e n t i a l  s o l u t i o n s  descr ibed i n  t h i s  s e c t i o n  are considered a c t i v e .  

RTI/AP-26, "Development of Advanced P o l l u t a n t  Sensor f o r  T o t a l  Hydro- 
carbons " 

A need w a s  determined i n  NAPCA f o r  t h e  development of an inexpensive,  
advanced sensor  capable of measuring t o t a l  hydrocarbons i n  ambient a i r ,  au to  
exhaust,  and s t a c k  e f f l u e n t s .  A p o t e n t i a l  s o l u t i o n  involving an indium- 

""Application of Aerospace Technology i n  A i r  P o l l u t i o n  Control", Semi-Annual 
Report, September-March 1970, Research Tr i ang le  I n s t i t u t e ,  Research Tr i ang le  
Park,  North Carolina.  
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oxide thin-f i lm d e t e c t o r  develoDed under con t r ac t  t o  NASA by General Electric 
Company was suggested by M r .  T - N .  Marshall ,  Marshall  Space F l i g h t  Center. The 
p r i n c i p l e  of opera t ion  i s  based on t h e  change i n  electrical r e s i s t a n c e  of t h e  
indium-oxide thin-f i lm when exposed t o  var ious  concent ra t ions  of a combustible 
gas.  
hydrocarbons and methane; however, i t s  m a x i m u m  s e n s i t i v i t y  and d e t e c t i o n  range 
is  unknown. 

Although developed f o r  de tec t ing  hydrogen, t h e  device w i l l  respond t o  

A device u t i l i z i n g  t h e  indium-oxide thin-f i lm sensor  was obtained from 
General E l e c t r i c  and received a t  RTI on 3 Apri l  1970. 
t i o n  w a s  done and t h e  r e s u l t s  appeared t o  be encouraging. 
pa t en t  claim covering the  device has  been forwarded t o  t h e  problem o r i g i n a t o r ,  
M r .  R. R. Stevens. M r .  Stevens has  agreed t o  eva lua te  t h e  device f o r  p o s s i b l e  
use as an advanced sensor  f o r  hydrocarbons. On 30 September 1970, t h i s  
sensor  w a s  recommended as a candidate f o r  app l i ca t ion  engineering t o  NASA 
Headquarters. 
of t h e  problem statement  t o  NASA F ie ld  Centers. N r .  T. N. Marshal l  a t  
MSFC, Huntsv i l le ,  Alabama responded t o  t h e  problem statement.  

A prel iminary evalua- 
A copy of  t h e  

The p o t e n t i a l  s o l u t i o n  f o r  AP-26 w a s  i d e n t i f i e d  by c i r c u l a t i o n  

RTI/AP-33, "Working Fluids  f o r  Rankine Cycle Engines" 

A need w a s  determined by NAPCA f o r  an optimum working f l u i d  f o r  use 
i n  Rankine cyc le  propuls ion systems f o r  passenger vehic les .  The i d e n t i f i -  
c a t i o n  and development of s u i t a b l e  work f l u i d s  f o r  use i n  such an engine 
i s  a c r i t i c a l  area of concern, s i n c e  many of t h e  design parameters of t h e  
engine depend d i r e c t l y  on t h e  phys ica l  c h a r a c t e r i s i t i c s  of t h e  working f l u i d .  
Technical Applicat ions Search No. T0003D (111 c i t a t i o n s )  was forwarded t o  

M r .  Ray Machacek i n  e a r l y  March. To d a t e ,  for ty-four  r e l evan t  NASA documents 
were ordered and forwarded t o  him. It appears t h a t  t h e  abundance 
of material uncovered i n  t h i s  search assures  t h e  success  of a technology 
t r a n s f e r  i n  t h i s  area. A t  t h e  t i m e  of wr i t i ng  t h i s  r e p o r t ,  eva lua t ion  of the  
documents forwarded t o  the  problem o r i g i n a t o r  have been completed; however, 
t h e  problem o r i g i n a t o r ,  M r .  Ray Machacek, has gone back t o  school. H i s  
replacement is  reviewing t h e  material and w i l l  n o t i f y  us of h i s  f ind ings .  

RTL/AP-42, "Development of Lightweight Furnace Refractory Material" 

A i r  p o l l u t i o n  r e s u l t i n g  from unburned hydrocarbons produced i n  cycl ing 
domestic o i l  furnaces  may be reduced through incorpora t ion  of l ightweight  
r e f r a c t o r y  material as a l i n i n g  material f o r  t he  f i rebox.  
with good i n s u l t i n g  p rope r t i e s  are a l s o  needed f o r  i n s e r t i o n  between f i r e -  
boxes and t h e  hea t  exchanger t o  prevent e ros ion  of t h e  base p l a t e  of t h e  hea t  
exchanger. D r .  John Buckley, Langley Research Center, suggested t h a t  shee t s  
of aluminum o r  zirconium 
problem of an i n s u l a t i o n  material t o  f i t  between t h e  hea t  exchanger and f i rebox.  
Both materials are machineable and have melt ing po in t s  vel1 above t h e  temperature 
requirements of 2000°F maximum f o r  t h e  f i rebox.  
t o  the  problem o r i g i n a t o r  and i t  has been reviewed by him. 

Kefractory materials 

oxide would be app l i cab le  t o  t h e  s o l u t i o n  of t h e  

This information w a s  given 
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Due t o  t h e  c o s t  of implementing t h i s  technology ( i . e .=  $2000-5000 t o  
i n s u l a t e  f i rebox)  t h e  p o t e n t i a l  t r a n s f e r  f o r  AP-42 w a s  i n a c t i v a t e d ;  however, 
the  problem w a s  no t  closed. 
materials and s i l i c o n  carb ide  compositions are being evaluated by t h e  problem 
o r i g i n a t o r  as poss ib l e  so lu t ions .  
descr ib ing  another  p o t e n t i a l  t r a n s f e r  f o r  AP-42. 

Plasma j e t  spraying techniques of ceramic 

Documentation w i l l  be  submitted s h o r t l y  

RTI/AP-48, "Modifications t o  Mass Spectrometry t o  Enhance Its Performance 
i n  A i r  Po l lu t ion  Monitoring" 

A need was  determined i n  NAPCA t o  develop modif icat ions which could be 
appl ied  t o  mass spectrometry t o  enhance i t s  performance i n  a i r  p o l l u t i o n  
monitoring. 
p o l l u t i o n  monitoring have l imi t ed  t h e  use of t h i s  highly selective analy- 
t i ca l  technique. 
measure ambient l e v e l s  of a i r  p o l l u t a n t s ,  high c o s t ,  s i z e  of t h e  instrumen- 
t a t i o n ,  l a c k  of da t a  ana lys i s  c a p a b i l i t y ,  and simple, automatic sampling. 
Improvement i n  any one of t hese  t h r e e  areas would broaden t h e  a p p l i c a b i l i t y  
of mass spectrometry i n  a i r  po l lu t ion  research.  

D i f f i c u l t i e s  encountered i n  applying mass spectrometry i n  a i r  

The primary l i m i t a t i o n s  are lack  of s e n s i t i v i t y  t o  

Four p o t e n t i a l  so lu t ions  were repor ted  i n  t h e  l a s t  semiannual r e p o r t :  

P o t e n t i a l  Solu t ion  No. 1 

D r .  Tom Edwards of Marshall  Space F l igh t  Center has been working on 

The con t r ibu t ion  of h i s  work appears t o  be i n  t h e  area of spectro-  
t h e  use of mass spectrometers i n  measuring contaminants i n  t h e  upper atmos- 
phere. 
analyses  using a s igna tu re  s to rage  and comparison approach. 
inexpensive mass spectrometer may be used i n  t h e  system. 
using l a r g e  computer programs; however, da t a  handling cos t s  are expensive. 
A s  of 30 September 1970, D r .  Edwards has  n o t  been a b l e  t o  g e t  h i s  system 
on l i n e .  No f u r t h e r  ac t ion  w i l l  be  taken u n t i l  such a t i m e  as he can 
provide a demonstration of h i s  system. 

A r e l a t i v e l y  
Data are analyzed 

P o t e n t i a l  Solu t ion  No. 2 

M r .  Uesley Easley of Langley Research Center has been developing methods 
of improving t h e  r e so lu t ion  and o v e r a l l  s e n s i t i v i t y  of mass spectrometers 
by sample concentrat ion techniques. 
of gas chromatography and mass spectrometry. 
where gases  are absorbed on a column over a per iod of t i m e  and 
released during a- temperature  cyc le  OE about 100°C. This technique can 
inc rease  t h e  s e n s i t i v i t y  of mass spectrometers.  Development work i s  con- 
t inu ing  on t h i s  technique t o  s impl i fy  t h e  ope ra t iona l  procedures and t o  
automate t h e  d a t a  ana lys i s .  

H i s  approach i s  e s s e n t i a l l y  t h e  mating 
This i s  a sampling technique 

subsequently 

P o t e n t i a l  Solu t ion  No. 3 

NASA has been a b l e  t o  reduce t h e  s i z e  of mass spectrometers through 
min ia tu r i za t ion  of e l e c t r o n  devices  and development of t h e  quadrapole analyzer  
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The convenience and cos t  s av ings  which r e s u l t  fn3m t h e  reduced s i z e  may 
make t h i s  instrument f e a s i b l e  f o r  a i r  p o l l u t i o n  monitoring i n  those cases 
where t h e  lower l i m i t  of d e t e c t i o n  can b e  achieved. 

P o t e n t i a l  So lu t ion  No. 4 

D r .  P e t e r  H. Dawson andNr .  Jon Ledman are re spons ib l e  f o r  t h e  develop- 
ment of a "Wire Mesh Analyzer" instrument a t  General Electric Company, 
Weslyn, Massachusetts. This a n a l y t i c a l  instrument is very small and weighs 
approximately two ounces. It c o n s i s t s  of t h r e e  opposing e l e c t r o d e s  i n  a 
high vacuum system. The top and bottom e l e c t r o d e s  approximate paraboloids  of 
r evo lu t ion  wi th  a c i r c u l a r  e l e c t r o d e  i n  t h e  center .  
p a r t i c u l a r  mass are s t o r e d  f o r  a pe r iod  of t i m e  and then pulsed through ho le s  
i n  one of t h e  e l e c t r o d e s  and de tec t ed  by a photomult ipl ier .  This three-  
dimensional quadrapole electric f i e l d  device d i f f e r s  from o t h e r  electric 
f i e l d  mass spectrometers.  It is  est imated t h a t  t he  p r i c e  of such a u n i t  
can even tua l ly  be reduced t o  t h e  order  of hundreds of d o l l a r s  which would 
be  a major breakthrough i n  mass spectrometry. 

Ionized gases  of  t h e  

I Y r .  C l i f f o r d  Burrous, A m e s  Research Center ,  i s  eva lua t ing  the  device f o r  
u s e  i n  NASA's real-time contamination analyzer  f o r  d e t e c t i n g  contamination 
around spacec ra f t .  Further  developments are expected i n  t h e  nea r  fu tu re .  

RTI/AP-55 , "Wind Tunnel Design Criteria'' 

A need was determined i n  NAPCA t o  cons t ruc t  an on-si te  low-speed wind 
tunnel  a t  t h e  in t e r im  NAPGA f a c i l i t i e s  i n  Durham, N. C. The tunne l  would 
be used t o  s imulate  and eva lua te  flow c h a r a c t e r i s t i c s  of p a r t i c u l a t e s  as 
would b e  encountered i n  s t a c k  gases. 
p o r a t e  t h e  b e s t  combination of design f a c t o r s  t o  o b t a i n  
f i g u r a t i o n ,  e l imina te  w a l l  e f f e c t s ,  and minimize t h e  s i z e  of t h e  tunnel.  
Information Search No. 2107 contained 16 documents r e l e v a n t  t o  AP-55. 
Eleven of t h e s e  have been forwarded t o  t h e  problem o r i g i n a t o r .  O f  t he  
11 documents, f ive  pe r t a ined  t o  low-speed, low-cost wind tunnels  which 
have been used by NASA and o the r s  t o  s tudy p a r t i c u l a t e s .  Document No. 
N68-20894 which descr ibed t h e  wind tunne l  fac i l i t i es  a t  M c G i l l  Univers i ty  
appeared t o  be  d i r e c t l y  app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. The 
problem o r i g i n a t o r  i s  i n  t h e  process of reviewing t h e s e  documents a t  t h e  
p re sen t  t i m e .  A p o t e n t i a l  s o l u t i o n  f o r  AP-55 w a s  documented during t h e  
r epor t ing  period. It is estimated t h a t  a t r a n s f e r  can b e  documented wi th in  
t h r e e  months. NAPCA should have t h e  design f o r  t h e i r  wind tunne l  completed 
by then. 

Criteria is needed i n  order  t o  incor- 
t h e  optimum con- 

2 .3  P o t e n t i a l  Transfers  Inac t iva t ed  During Reporting Period 

R T I / A P - ~ O ,  - 11, 22, 25, 27, 41 (Composite Title-Advanced Sensors f o r  
CHq, so29 F 9 CO2s COS NOx> 

I n  October 1969, p o t e n t i a l  t r a n s f e r s  were claimed f o r  0 - 1 0 ,  
11, 22, 25, 27, and 41; however, no t r a n s f e r  r e p o r t s  w e r e  submitted. 
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Each of tEese problems d e a l t  with development of advanced p o l l u t a n t  sensors  
f o r  var ious  a i r  po l lu t an t s .  Four p o t e n t i a l  s o l u t i o n s  were a l s o  repor ted  i n  
t h e  p o t e n t i a l  t r a n s f e r  r e p o r t  f o r  AJ?-4,8, "Modifications t o  Mass Spectrometry 
t o  Enhance Its Performance i n  Air P o l l u t i o n  Monitoring." A t r a n s f e r  on 
AP-48 u t i l i z i n g  any of t h e  fou r  s o l u t i o n s  would have meant an immediate 
t r a n s f e r  on AP-10, 11, 22, 25, 27 and 41, s i n c e  mass spectrometry is app l i cab le  
t o  de t ec t ing  a l l  t h e  p o l l u t a n t s  descr ibed under t h e s e  problem numbers. 
w a s  on t h i s  b a s i s  t h a t  p o t e n t i a l  t r a n s f e r s  were inadve r t an t ly  claimed and 
c a r r i e d  forward with no documentation being submitted. 
of c l a r i t y ,  t hese  p o t e n t i a l  t r a n s f e r  claims were i n a c t i v a t e d  t o  such a t i m e  
t h a t  technology t r a n s f e r s  i n  these  areas were rea l i zed .  

It 

In  t h e  i n t e r e s t  

RTI/AP-42, "Development of Lightweight Purnace Refractory Material" 

The reason f o r  i n a c t i v a t i o n  of t h e  p o t e n t i a l  t r a n s f e r  f o r  AP-42 (described 
previously i n  2.2) w a s  due t o  t h e  cos t  of implementation of t h e  s o l u t i o n  
( i , e . , u s e  of zirconium oxide inorganic  f i b e r s  as i n s u l a t i o n  and r e f r a c t o r y  
material f o r  domestic o i l  furnace f i reboxes  was p roh ib i t i ve .  Otherwise, 
a t r a n s f e r  would have r e su l t ed .  This problem w a s ,  however, no t  closed. 

RTI/AP-47, "Feeder System f o r  P a r t i c u l a t e s  i n  Gases" 

A method f o r  introducing and con t ro l l i ng  t h e  concentrat ion and s i z e  
of p a r t i c u l a t e s  i n  an a i r  stream i s  needed t o  prepare  s tandard  concentra- 
t i o n s  of p a r t i c u l a t e s  f o r  c a l i b r a t i o n  of p a r t i c u l a t e  monitoring in s t ru -  
mentation. M r .  Chester Lanzo of NASA's L e w i s  Research Center f o r  problem 
AP-35 suggested two p a r t i c u l a t e  feeder  systems i n  h i s  labora tory  which 
might be app l i cab le  t o  AP-47. 
system which is made by Thermo Dynamics, Inc., of Lebanon, New Hampshire. 
The second system w a s  b u i l t  i n  h i s  labora tory  using a g l a s s  annulus which 
allowed t h e  p a r t i c u l a t e  laden gas  under s tudy t o  be acce lera ted  t o  Mach 1 
condi t ions.  
t h e  submicron p a r t i c l e s  i n  t h e  gas. 

One system w a s  a modif icat ion of a DC a r c  

The shock wave a t  the  annulus i s  e f f e c t i v e  i n  deglomerating 

Both techniques w e r e  reviewed and evaluated by t h e  problem o r i g i n a t o r ,  
M r .  Don Fe l ton ,  and n e i t h e r  approach provided him wi th  a system s i g n i f i c a n t l y  

b e t t e r  than t h e  one he i s  p resen t ly  using.  

RTI/AP-49, "Development of Improved Gas Flow Rate Control System f o r  
Air Po l lu t ion  Monitoring Equipment" 

An improved device f o r  measuring and/or con t ro l l i ng  gas flow rates i n  
a i r  p o l l u t i o n  monitoring instrumentat ion i s  requi red  f o r  more accura te  
determinat ion of trace gases i n  ambient air. One of t h e  most s e r ious  l i m i -  
t a t i o n s  of a i r  p o l l u t i o n  monitoring instrumentat ion is t h e  i n a b i l i t y  of t h e  
air flow c o n t r o l  devices t o  maintain cons tan t  gas  f low rates over a given 
t i m e  i n t e r v a l .  Rotameters and cr i t ical  o r i f i c e s  are commonly used; however, 
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n e i t h e r  perform s a t i s f a c t o r i l y  and con t r ibu te  t o  erroneous o r  u n r e l i a b l e  
data.  The requirements f o r  such a device are t h a t  i t  have a range of from 
100 cc/min. t o  5 l/min, be a b l e  t o  withstand cor ros ive  gases ,  ope ra t e  a t  
atmospheric p re s su re  and ambient temperatures, and be  r e l a t i v e l y  inexpensive.  

M r .  Brad Wells, MSFC, suggested a laminar flow element as a poss ib l e  
s o l u t i o n  t o  Ap-49. 
and are a l i n e a r  func t ion  of t h e  p re s su re  maintained across  t h e  device. 
M r .  Wells'system incorpora tes  an accura te  low pressure  r egu la to r  between the  
laminar flow element and t h e  vacuum pump. The r e g u l a t o r  i s  used t o  admit o r  
b leed  a i r  i n t o  t h e  system t o  maintain a cons tan t  p re s su re  drop across  t h e  
laminar flow element. 
and reviewed. 

Flow rates through t h e  laminar flow element are con t ro l l ed  

This information was presented t o  t h e  problem o r i g i n a t o r  

The p o t e n t i a l  t r a n s f e r  f o r  AP-49 was inac t iva t ed  because t h i s  approach 
w a s  judged as not  being a s i g n i f i c a n t  improvement over c u r r e n t l y  a v a i l a b l e  
techniques by t h e  problem o r ig ina to r .  The problems involved with control-  
l i n g  and maintaining t h e  pressure  drop across  t h e  laminar flow element are 
ob j ec t ionab le  t o  him, 
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3.0 PROBLEM STATUS 

During t h e  pe r iod  15 March 1970 t o  30 September 1970, t h e  RTI  
Technology Applicat ion Team accepted 11 new problems f o r  i n v e s t i g a t i o n .  
These problem statements  are a t t ached  t o  t h i s  r e p o r t  as Appendix B. 

During t h e  r epor t ing  period. n ine  problem statements3 RTI/AP-38, 
RTIlkP-42, RTI/AP-47, RTI/AP-49, RTI/AP-50, RTI/AP-54, RTI/AP-58, and R T I /  
A€'-60, were c i r c u l a t e d  t o  NASA F i e l d  Centers. 
of t hese  problems, i t  w a s  p o s s i b l e  t o  i d e n t i f y  i n d i v i d u a l s  a t  t h e  c e n t e r s  who, 
because of t h e  job  r e s p o n s i b i l i t i e s  should b e  a b l e  t o  respond t o  p a r t i -  
c u l a r  problems. 
U t i l i z a t i o n  O f f i c e r s  (TUO) t h a t  c e r t a i n  ind iv idua l s  should receive t h e  
problem statements.  D i s t r i b u t i o n  lists compiled from t h e  NASA Flash 
Index and F i e l d  Center D i r e c t o r i e s  were suggested t o  the  TUO's .  
cases, c i r c u l a t i o n  w a s  l e f t  up t o  the d i s c r e t i o n  of t h e  TUO. 

Because of t he  n a t u r e  of some 

I n  these  cases i t  w a s  recommended t o  t h e  NASA Technology 

I n  o t h e r  

A t  p r e s e n t ,  t he  team is attempting t o  i d e n t i f y  technology r e l e v a n t  
t o  t h e  s o l u t i o n  of 26 problems. These 26 problems are l i s t e d  i n  Table 1 
under f i v e  ca t egor i e s  o r  impact areas. "Impact areal'refers t o  t h a t  area of 
a i r  p o l l u t i o n  c o n t r o l  ac t iv i t ies  which would be most a f f e c t e d  by f ind ing  
a s o l u t i o n  of t h e  problem. From t h e  t a b l e ,  i t  can be  seen t h a t  most of 
t h e  p r e s e n t l y  active problems are i n  t h e  areas of gas p o l l u t i o n  monitoring 
techniques (7 problems) p a r t i c u l a t e  p o l l u t i o n  monitoring techniques (7 
problems), and a i r  p o l l u t i o n  c o n t r o l  techniques (6 problems). 

Also i n d i c a t e d  i n  Table 1 is t h e  problem s t a t u s  which r e f e r s  t o  t h e  

The key t o  t h e  let ter designat ions used appears a t  
p a r t i c u l a r  phase of t h e  t r a n s f e r  process t o  which t h e  e f f o r t  t o  so lve  t h e  
problem has progressed. 
t h e  end of t h e  t ab le .  

Of t h e  66 problems accepted from NAPCA, 20 were closed o r  i n a c t i -  
vated during t h i s  r epor t ing  period. The reasons these  problems were 
closed are t a b u l a t e d  i n  Table 2. 
problems were closed w a s  because they were considered t o  have a low 
p r i o r i t y  (Category K ) ,  o r  because they had been def ined improperly and are 
now included i n  new problems (Category L), o r  t h e  r e sea rche r  found h i s  
own so lu t ion .  It is  s i g n i f i c a n t  t h a t  7 out  of t h e  20 closed problems r e s u l t e d  
from t h e  r e sea rche r  f ind ing  h i s  own s o l u t i o n  o r  judging t h e  problem t o  have 
a low p r i o r i t y .  This emphasizes t h e  d i f f i c u l t y  encountered when working 
with a group, such as NAPCA where problem o r i g i n a t o r s  are extremely aware 
of what has  been and is being developed throughout t h e  s c i e n t i f i c  community. 
Another explanat ion f o r  problems closed i n  Categories K and L may be  t h a t  
t h e s e  problems were active f o r  a r e l a t i v e l y  long pe r iod  of t i m e  and e i t h e r  
t h e  problem p r i o r i t i e s  s h i f t e d ,  o r  as t h e  r e l a t e d  programs progressed, t h e  
major t echno log ica l  problems and requirements were changed. Organizations 
such as NAPCA and NASA which are s t r o n g l y  based on technology tend, when 
necessary t o  m e e t  ob jec t ives ,  move arsund problems which are n o t  solved i n  

The reason t h a t  t h e  g r e a t  ma jo r i ty  of 
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a reasonable t i m e .  I n  o the r  organiza t ions  such as, f o r  example, those  i n  
t h e  medical f i e l d ,  problems tend t o  be  long term and r e l a t i v e l y  s t a b l e .  I n  
f a c t ,  i n  t he  l a t t e r  case, i t  seems t h a t  c e r t i a n  problems seem t o  assume 
g r e a t e r  importance than the  end ob jec t ive .  These cons idera t ions  i n d i c a t e  t h a t  
i n  t r a n s f e r r i n g  technology t o  t h e  p u b l i c  s e c t o r  area of air  p o l l u t i o n  con- 
t ro1 , the  t i m e  requi red  t o  i d e n t i f y  p o t e n t i a l l y  r e l evan t  technology must be 
minimized. 
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Table 1. Active Problem S t a t u s  

Problem 
Number 

RTI / A P - ~ O  

RTI/AP-26 

RT I /AP- 2 7 

RTI  /AP-41 

RTI  /AP-48 

RTI/AP-~O 

RTI /AP-60 

RTI/AP-38 

RTI  /AP-47 

RTI /AP-52 

RTI /AP-53 

RTI/AP-54 

RTI  /AP-57 

RTI /AP-66 

Problem Category/ 
Problem T i t l e  

1. G a s  Monitoring Techniques 

Advanced P o l l u t a n t  Sensor f o r  Methane 

Advanced P o l l u t a n t  Sensor f o r  T o t a l  
Hydrocarbons 

Advanced P o l l u t a n t  Sensor f o r  Carbon 
Monoxide 

Advanced P o l l u t a n t  Sensor f o r  Oxides of 
Nitrogen (NO N O ,  NO2) 

Modifications t o  Mass Spectrometry t o  Enhance 
Its Performance i n  A i r  P o l l u t i o n  Monitoring 

x' 

Improved Techniques f o r  t h e  P repa ra t ion  of 
Standard Concentrations of Carbon Manoxide 
and Methane 

Por t ab le  Carbon Monoxide Analyzer 

2. P a r t i c u l a t e  Monitoring Techniques 

Measuring Techniques f o r  Airborne 
P a r t i c u l a t e s  

Feeder System f o r  P a r t i c u l a t e s  i n  Gases 

Hi-Volume Mult is tage F rac t iona t ing  P a r t i -  
c u l a t e  Sampler 

Continuous Par t ic le  Counting Instrument 

Evaluation of Automatic Instrumentat ion 
f o r  t h e  Measurement of Mass Flow of 
P a r t i c u l a t e s  from Combustion of Coal and 
Residual Fuel O i l  Sources 

Ana ly t i ca l  Techniques f o r  Trace Metals i n  
Combustion Ef f luen t s  from Coal and Residual 
Fuel O i l  Sources 

D i f f e r e n t i a l  Pressure Transducer f o r  Iso- 
k i n e t i c  Stack G a s  Sampling 
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Table 1. (Continued) 

Problem 
Number 

RTI/AP-42 

RTI  /AP-58 

RTI/AP-59 

RTI /AP-61 

RT I / AP- 6 2 

RTI /AP-64 

RTI /AP-39 

RTI/AP-65 

RT I / AP - 3 3 

RTI /AP-49 

RTI  /AP-55 

RTI/AP-63 

Problem Category/ 
Problem T i t l e  

3 .  A i r  P o l l u t i o n  Control  Techniques 

Development of Lightweight Furnace Refrac- 
t o r y  Material 

Direct Measurement of Flame Temperature i n  
Combustion Processes  

High Temperature Sampling Techniques f o r  
K ine t i c  S tudies  in  Combustion Processes  

E f f e c t  of Turbulence (Mixing) on Localized 
Flame Temperature 

Reduction of Exhaust Emission of Nitrogen 
Oxides from G a s  Turbine Engines 

Increased Eff ic iency  of Gas Turbine Engines 

4 .  Health-Related Techniques 

G a s  Exchange Capacity of t h e  Lung 

Funct ional  E f fec t s  of Chemical Agents and 
t h e  Applicat ion of Reference Procedures i n  
Rela t ion  t o  In t e r l abora to ry  Comparison 
of Resul ts  

5. Other 

Working Flu ids  f o r  Rankine Cycle Engines 

Improved Gas Flow Rate Controls Systems f o r  
A i r  Po l lu t ion  Monitoring Equipment 

Wind Tunnel Design Criteria 

Low Cost Materials f o r  G a s  Turbine Engines 

Problem 
S t a t u s  

D 

c , D  

A 

A 

A 

A 

D 

A 

D 

D 

E 

A 

20 



Table 1. (Continued) 

A. 

B. 

C.  

D. 

E. 

F. 

Key t o  Problem S t a t u s  Designation 

Problem D e f i n i t i o n  

Problem d e f i n i t i o n  includes t h e  i d e n t i f i c a t i o n  of s p e c i f i c  tech- 
nology-related problems through d i scuss ions  w i t h  i n v e s t i g a t o r s  and 
t h e  p repa ra t ion  of f u n c t i o n a l  d e s c r i p t i o n s  of problems us ing  non- 
d i s c i p l i n a r y  terminology. 

Information Searching 

Information relevant t o  a s o l u t i o n  i s  being sought by computer 
and/or manual information searching. 

Problem Abstract  Dissemination 

An information sea rch  has revealed no p o t e n t i a l  s o l u t i o n s ,  and a 
problem a b s t r a c t  i s  being c i r c u l a t e d  t o  i n d i v i d u a l  scientists and 
engineers  a t  NASA Centers and con t r ac to r  f ac i l i t i e s  t o  s o l i c i t  
suggest ions.  

Evaluation 

P o t e n t i a l l y  u s e f u l  information o r  technology has been i d e n t i f i e d  
and i s  being evaluated by t h e  team and/or t h e  problem o r i g i n a t o r .  

P o t e n t i a l  Transfer  

Information o r  technology has been evaluated and found t o  be  of 
p o t e n t i a l  v a l u e  b u t  has n o t  been appl ied.  

Follow-up Ac t iv i ty  

A technology t r a n s f e r  has been accomplished, b u t  f u r t h e r  a c t i v i t y  
( i .e. ,  documentation, obtaining experimental  v a l i d a t i o n  of u t i l i t y ,  
continuing modif icat ion.  e t c . )  is required.  
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Table 2. Problems Closed 

Category 

A 

B 

C 

D 

E 

H 

I 

J 

K 

L 

M 

R T I  Problem Number 

AP-21, 28, 43, 56 

AP-50 

AP-2, 3 ,  11, 19,  45 

AP-16 , 22 

AP-51 

AP-4, 18, 25 

AT?-31, 34, 44, 51 

T o t a l  

Number Closed 

4 

1 

5 

2 

1 

3 

4 

- 
20 

Categories  

A -- Transfer  w a s  accomplished. 

B -- Researcher has no f u r t h e r  i n t e r e s t  i n  t h e  problem. 

C -- Researcher has found h i s  own so lu t ion .  

D -- A s  a r e s u l t  of personnel t r a n s f e r  i n  the  NAPCA, t h e  problem has 
e i t h e r  been closed o r  t r a n s f e r r e d  t o  another i n s t i t u t i o n  along with 
t h e  i n v e s t i g a t o r  and has been given a new number. 

E -- No present  or  foreseeable  f u t u r e  NASA technology appl icable .  

H -- S a t i s f a c t o r y  s o l u t i o n  i d e n t i f i e d  by team and v e r i f i e d  by researcher  
b u t  t r a n s f e r  cannot be completed by researcher  f o r  reasons of 
economy or  lack  of resources .  

I -- Problem as o r i g i n a l l y  s t a t e d  w a s  too broad or  genera l .  

J -- Problem is  too d i f f i c u l t ;  i .e . ,  t h e  problem as given t o  the  RTI 
Technology Applicat ion Team is p resen t ly  t h e  focus of l a r g e  expendi- 
t u r e s  of money and/or research  and development e f f o r t ,  making the  
l i ke l ihood  of success by the  Technology Applicat ion Team low.  

K -- Problem p r i o r i t y  is  too low. Factors  involved are cost- to-benefi t  

L -- Problem grouped with o the r  r e l a t e d  problems under another  number. 

r a t i o ,  team resources  a v a i l a b l e ,  r e sea rche r ' s  resources ,  and enthusiasm. 
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4.0 INFORMATION SEARCHES 

During t h e  repor t ing  per iod ,  t he  RTI TATeam i n i t i a t e d  n ine  computer 
information searches  a t  NCSTRC and eva lua t ion  of f i v e  b ib l iog raph ies  were 
completed. Thi r teen  computer information searches were i n i t i a t e d  through 
NASA's i n t e r n a l  computer search system, RECON. The RECON system has been 
used by t h e  TATeam t o  complement t h e  r e s u l t s  obtained from NCSTRC and has  
proven t o  be e f f e c t i v e .  Five RECON searches have been evaluated by t h e  
problem o r i g i n a t o r  and team member. Based on t h e  f ind ings  of D r .  W i l l i a m  
Clingman, t h e  RTI TATeam has  taken a more active r o l e  i n  d iscuss ing  t h e  
problem with the  app l i ca t ions  engineers  at  NCSTRC and RECON and suggest ing 
poss ib l e  search terms f o r  t he  search s t r a t egy .  

It has become read i ly  apparent t o  t h e  TATeam from t a lk ing  wi th  problem 
o r i g i n a t o r s  t h a t  the  importance of t he  l i t e r a t u r e  search i n  r e l a t i o n  t o  h i s  
research  has no t  received t h e  recogni t ion  t h a t  i t  deserves.  
a major i ty  of problems t h a t  t h e  TATeam accepts  from NAPCA personnel ,  say  i n  
Process Control Engineering,are r e l a t e d  t o  e f f o r t s  which eventua l ly  are con- 
t r a c t e d  out  t o  q u a l i f i e d  research  i n s t i t u t e s  o r  i n d u s t r i a l  f inns .  In  order  
t o  maintain c o n t r o l  and monitor t h e  con t r ac t , t he  p r o j e c t  o f f i c e r  must have 
up-to-date information regarding cu r ren t  s ta te-of- the-ar t  methodology and 
technology. 
viding information una t ta inable  by t h e  NAPCA researcher  from o the r  sources  
has  been inva luable  t o  the  problem o r ig ina to r .  Too o f t e n  t h i s  p a r t  of t he  
t r a n s f e r  mechanism is minimized i n  favor  of hard instrument t r a n s f e r s .  

I n  many cases 

The TATeam e f f o r t s  have demonstrated t h a t  t h i s  s e r v i c e  of pro- 
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5.0 MEETINGS AT NASA HEADQUARTERS, NAPCA FACILITIES, SYMPOSIUM ATTENDANCE 

During the  s i x  months ending 30 September 1970, numerous v i s i t s  were 
made t o  NAPCA f a c i l i t i e s  i n  Cincinnat i ,  Ohio, Uurham, N. C.,and Raleigh, 
N. C. Contacts were made with a l l  active problem o r i g i n a t o r s  i n  a l l  t h ree  
bureaus of NAPCA. These v i s i t s  were coordinated with t h e  activit ies of 
t he  problem o r i g i n a t o r s  t o  b e s t  u t i l i z e  h i s  and t h e  TATeam's t i m e .  
t a t i o n s  of t h e  NASA Technology U t i l i z a t i o n  Program were made t o  several 
sec t ions  previously no t  contacted by t h e  TATeam, 
Toxicology Sect ion,  Veter inary Medicine Sect ion,  Biochemistry Sec t ion ,  
Bio logica l  Research Branch, Health Ef fec t  Research Division; and t h e  Emission 
Survey Sect ion,  Nat ional  Inventory of A i r  Po l lu t an t  Emission and Control  
Branch, Divis ion of A i r  Qual i ty  and Emission Data. 

Presen- 

These inc lude  t h e  Behavioral 

Early i n  May 1970, a ques t ionnai re  was prepared and forwarded t o  
D r .  Kay H. Jones,  Nat ional  A i r  Po l lu t ion  Control Administration, Off ice  of 
Science and Technology. 
i n  assess ing  t h e  p o t e n t i a l  value of NASA's Technology Applicat ion Team 
program i n  t he  area of a i r  p o l l u t i o n  con t ro l .  
D r .  Jones will send t h i s  ques t ionnai re  t o  a l l  NAPCA engineers  and s c i e n t i s t s  
who have p a r t i c i p a t e d  i n  t h i s  program wi th  the  RTI  Technology Applicat ions 
Team. The information der ived from t h e  completed ques t ionnai res  should 
provide va luable  information as t o  t h e  e f f ec t iveness  of t h e  Technology 
U t i l i z a t i o n  Program, the  adequacy of t h e  methodology used i n  the  t r a n s f e r  
process ,  and the  a p p l i c a b i l i t y  of aerospace technology t o  a i r  p o l l u t i o n  con- 
trol. The f i n a l i z e d  copy of t he  ques t ionnai re  is  included i n  Appendix B. 
It w i l l  be s e n t  out by D r .  Jones on 1 October 1970 and t h e  completed ques- 
t i onna i r e  is t o  be re turned  t o  D r .  Jones by 1 November 1970. 

This ques t ionnai re  w a s  designed t o  assist D r .  Jones 

It is a n t i c i p a t e d  t h a t  

On 10 June 1970, Mr. Decker a t tended a meeting on remote de t ec t ion  
of a i r  p o l l u t i o n  a t  NASA Headquarters. 
s e l e c t e d  group of NASA, NAPCA, and u n i v e r s i t y  personnel with i n v i t e d  
speakers from NASA, NAPCA, NCAR, ESSA, General Dynamics/Convair, General 
Electric, Barr inger  Research, Univers i ty  of Ca l i fo rn ia ,  and Universi ty  of 
Wisconsin, Each of t h e  t en  speakers had e x p e r t i s e  i n  the  f i e l d  of remote 
sensing and presented a synopsis of h i s  a c t i v i t i e s  t o  da t a  as r e l a t e d  t o  
remote de t ec t ion  of a i r  pol lu t ion .  
per iod of comments and d iscuss ion  by t h e  panel  members with some audience 
p a r t i c i p a t i o n .  
of information between people working i n  t h e  f i e l d  of remote sensing i n  
NASA, NAPCA, indus t ry ,  and u n i v e r s i t i e s  and t o  formulate  ideas  as t o  what 
NASA should be doing i n  the  near  f u t u r e  with respec t  t o  remote de t ec t ion  
of air p o l l u t a n t s .  

Attendance was l imi t ed  t o  a 

Each p resen ta t ion  w a s  followed by a 

The ob jec t ive  of t h e  meeting was t o  f a c i l i t a t e  an exchange 

The agenda f o r  t he  meeting included t h e  following speakers: 

(1) D r .  M. Tepper, NASA - In t roductory  comments. 

(2) D r .  P. Hanst, NASA/ERC - Brief d i scuss ion  of 1. R. Spectroscopy 
and i t s  app l i ca t ion  t o  remote sensing from satellites. Presented work f o r  

24 



last  11 yea r s ,  and discussed t h e  long term e f f e c t s  of man's activit ies 
( i . e . , i n c r e a s e  i n  CO concentration) on t h e  environment and h e a t  balance. 
Raised ob jec t ions  t o  measuring air  p o l l u t i o n  from satell i tes due t o  c o s t s  
and d i f f i c u l t i e s  of instrument c a l i b r a t i o n ,  r e p a i r s ,  etc. 

2 

( 4 )  D r .  C. Ludwig, General Dynamics/Convair - Discussed g l o b a l  
monitoring of a i r  p o l l u t a n t s  (CO, GO,, CH,,, SO,, NO,, NH,) from satellites 

c- L 3 using an o p t i c a l  c o r r e l a t i o n  spectroiteter: 

(5) D r .  Stevens, Universi ty  of C a l i f o r n i a  - Presented d a t a  obtained 
i n  Los Angeles area on hydrocarbons, aldehydes, and o t h e r  organics  using 
cas chrcsmatographic a n a l y s i s  and d a t a  on p a r t i c u l a t e s  as  r e l a t e d  t o  haze 
(106/cm3 of 0.31.1 p a r t i c l e s  w i l l  cause haze.) 

( 6 )  D r .  J. Nader, NAPCA - Presented NAPCA's long range instrument 
development goals .  
and gases i n  plumes. 
r e s o l u t i o n  scanning i n f r a r e d  spectrometer and a multichannel f i l t e r  spec- 
trometer f o r  use i n  remote sensing. 
i s  t o  provide f i e l d  instruments  f o r  monitoring p o l l u t a n t s  t o  s ta te  and 
l o c a l  a i r  p o l l u t i o n  c o n t r o l  agencies. 

Discussed o p t i c a l  techniques f o r  measuring p a r t i c u l a t e s  
NAPCA has le t  two c o n t r a c t s  f o r  bu i ld ing  a high 

Object ive of NAPCA's development work 

( 7 )  D r .  V. Suomi, University of Wisconsin - Discussed e f f e c t  of 
p o l l u t i o n  on climate. 

(8) D r .  M. Bartner ,  General Electr ic  - Discussed e f f e c t  of CO on l i f e  
and r a i s e d  quest ions about f a t e  of CO i n  t h e  atmosphere. R e i t e r a t e d  need 
f o r  CO d a t a  on g l o b a l  scale and suggested p o s s i b l e  GO s inks .  

(9)  D r .  A. Barringer,  Barringer Research Lab - Discussed development 
of t h e  c o r r e l a t i o n  in t e r f e romete r  and i t s  a p p l i c a t i o n  t o  remote d e t e c t i o n  
of p o l l u t a n t s  from a i r c r a f t ,  Presented NO and SO d a t a  f o r  several c i t ies  
surveyed using an a i rbo rne  c o r r e l a t i o n  spectrometer. 
trometry can success fu l ly  measure NO 

2 2 Cor re l a t ion  spec- 
and SO2 i n  t h e  v i s i b l e  and t h e  W range. 2 

(10) D r .  V. Derr, ESSA - Discussed a p p l i c a t i o n  of LIDAR t o  t ropospheric  
probing and weather p red ic t ions .  Presented laser techniques f o r  temperature 
and wind v e l o c i t y  measurements i n  t h e  atmosphere. 

(11) D r .  E. Allen, NCAR - Presented discussion of activities ae NCAR 
on remote sensing. 

(12) D r .  H. Reichle,  NASA - Summarized ac t iv i t ies  f o r  t h e  day. 

Following t h e  p re sen ta t ions  an open panel  d i scuss ion  w a s  h e l d  on t h e  
r o l e  satellites should p l ay  i n  remote sensing of a i r  po l lu t ion .  
of opinion 
immediate monitoring of g l o b a l  a i r  p o l l u t i o n  where cooperat ive monitoring 

Consensus 
w a s  t h a t  t h e  use of satellites o f f e r e d  t h e  b e s t  s o l u t i o n  f o r  
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from ground s t a t i o n  networks would r e q u i r e  20 years  t o  develop. 
decided t h a t  a s m a l l  committee comprised of some of t h e  p a r t i c i p a n t s  i n  t h e  
meeting be formed t o  f u r t h e r  d i scuss  and make recommendations t o  NASA on 
f u t u r e  needs for remote de t ec t ion  of a i r  po l lu t an t s .  

It w a s  

On 29 June 1970,Mr. Decker a t tended t h e  Technology U t i l i z a t i o n  Meeting 
A l l  phases of t h e  aerospace technology t r a n s f e r  process  a t  NASA Headquarters. 

were discussed and innovat ions f o r  improvement of t h e  program w e r e  proposed. 

Mr. Decker a t tended  the  3rd Annual Symposium on Air Po l lu t ion  he ld  i n  
Raleigh, N. C.,and sponsored by the  Triangle  Un ive r s i t i e s  Consortium on A i r  
Po l lu t ion  and t h e  I n d u s t r i a l  Extension Service,  N. C. S t a t e  Universi ty  
23-24 September 1970, The ob jec t ives  of t h e  symposium were t o  d iscuss  i n  d e t a i l  
con t ro l  technology i s s u e s  as they a f f e c t  i n d u s t r i a l  and u t i l i t y  p l an t s ;  t o  
provide i n d u s t r i a l  and governmental con t ro l  o f f i c i a l s  wi th  guide l ines  f o r  a i r  
p o l l u t i o n  con t ro l ,  applying the  b e s t  a v a i l a b l e  con t ro l  techniques; and t o  pro- 
v ide  a forum of exchange regarding t h e  problems and s o l u t i o n s  p re sen t ly  e x i s t -  
ing  t o  achieve acceptable  a i r  qua l i t y .  Session Number One d e a l t  with con t ro l  
techniques f o r  gaseous and par t icu la te  a i r  po l lu t an t s .  Session Number Two 
involved s ta te-of- the-ar t  con t ro l  technology f o r  mobile and s t a t i o n a r y  combus- 
t i o n  sources.  Session Number Three d e a l t  with s ta te-of- the-ar t  c o n t r o l  tech- 
nology f o r  s e l e c t e d  i n d u s t r i e s ,  which were aspha l t  batching,  b r i c k  and t i l e ,  
t e x t i l e ,  crushed s tone ,  woodworking, rendering,  f e r t i l i z e r ,  and pulp and 
paper. 
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6.0 RESPONSE TO PROBLEM STATEMENTS 

During t h e  per iod 15 March 1970 t o  30 September 1970, 14 problem state- 
ments w e r e  submitted t o  NASA Headquarters f o r  review and 9 were subsequently 
d i s t r i b u t e d  t o  t h e  NASA F ie ld  Centers f o r  c i r c u l a t i o n  t o  NASA scientists 
and engineers .  A t o t a l  of 10 responses t o  t h e s e  n ine  c i r c u l a t e d  problem 
statements  have been received as of 30 September 1970. A summary of response 
t o  problem s t a t emen t s ,  including d a t e  of c i r c u l a t i o n ,  t i m e  l a g  f o r  r ece iv ing  
response,  and a p p l i c a b l e  u t i l i t y  code letters i d e n t i f y i n g  t h e  eva lua t ion  of 
each response,  i s  included i n  Table 3 .  The u t i l i t y  code f o r  eva lua t ing  res- 
ponses t o  problem statements  i s  included i n  Figure 3 .  The d a t a  i n d i c a t e  t h a t  
approximately two months are required t o  receive a response t o  a c i r c u l a t e d  
problem statement .  From Table 3 ,  it  can be  seen t h a t  t h e  TATeam has received 
10 responses t o  n ine  c i r c u l a t e d  problem statements  f o r  an average of 1.1 
response/problem statement.  O f  t h e s e  10  responses ,  seven were evaluated as 
being r e l e v a n t  and suggested a p r a c t i c a l  s o l u t i o n ,  two w e r e  r e l e v a n t  b u t  d id  
not  suggest a p r a c t i c a l  s o l u t i o n ,  and one w a s  r e l e v a n t  bu t  suggested a tech- 
nique c u r r e n t l y  i n  use o r  r e j e c t e d  by t h e  problem o r i g i n a t o r .  

A s  of 30 September 1970, a l l  responses  had been presented t o  t h e  problem 
o r i g i n a t o r s  f o r  t h e i r  evaluat ion.  
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A p p l i c a b i l i t y l u t i l i t y  CQde& For use  by BATeam/TATeam members i n  r epor t ing  
( i n  monthly r e p o r t s )  i n i t i a l  eva lua t ion  of 
responses t o  problem statements .  

Code 
_I 

A. Relevant and suggests  a p r a c t i c a l  so lu t ion .  

B. Relevant but  does not suggest  a p r a c t i c a l  s o l u t i o n  o r  
t h e  technique involved i s  un l ike ly  t o  be  appl icable .  

C. Relevant bu t  suggests  a technique i n  c u r r e n t  use by 
t h e  problem o r i g i n a t o r ,  o r  one which has been t r i e d  
and r e j ec t ed .  

D. Suggestion is imprac t i ca l .  

E. Suggestion i s  i r r e l e v a n t .  

Figure 3 .  The U t i l i t y  Code f o r  Evaluating Responses t o  

Problem Statements 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

The most e f f e c t i v e  method of i d e n t i f y i n g  r e l e v a n t  technology cont inues 
t o  be  responses t o  problem statements  and o t h e r  approaches t o  e s t a b l i s h i n g  
d i r e c t  con tac t  with NASA F i e l d  Center personnel.  To t h i s  end, t h e  number 
of problem statements  c i r c u l a t e d  t o  t h e  NASA F i e l d  Centers and/or con tac t s  
w i th  NASA personnel  have increased s i g n i f i c a n t l y  du r ing  t h e  r e p o r t i n g  per iod.  
It  has a l s o  become apparent t o  t h e  TATeam t h a t  considerable  e f f o r t  of t h e  
TATeam had been devoted t o  i d e n t i f y i n g  s o l u t i o n s  t o  problems which have been 
even tua l ly  i n a c t i v a t e d  because they were a c t i v e  f o r  r e l a t i v e l y  long per iods 
of t i m e  and s h i f t s  occurred i n  p r i o r i t i e s  w i t h i n  NAPCA, and because of 
i n e f f e c t i v e  problem screening i n  t h e  e a r l y  s t a g e s  of t h e  R T I  TATeam program. 
It w a s  concluded during t h e  las t  r epor t ing  per iod t h a t  t o  b e  e f f e c t i v e ,  t h e  
t e a m  must s i g n i f i c a n t l y  reduce t h e  t i m e  between problem acceptance and iden- 
t i f i c a t i o n  of p o t e n t i a l l y  r e l e v a n t  technology. 
t h e  TATeam has attempted t o  reduce t h i s  t i m e  i n t e r v a l  by more d i r e c t  con tac t  
with NASA s c i e n t i s t s  and engineers.  

During t h i s  r e p o r t i n g  pe r iod ,  

Information searching using NASA's RECON system has been continued 
with good success .  
s t r a t e g y  and index terms with RECON and RDC engineers ,  t h e  q u a l i t y  and useful-  
ness  of t h e  information searches have improved, A s  of 30 September 1970, t h e  
au tho r i za t ion  f o r  R T I  t o  receive documents included i n  the  l i m i t e d  d i s t r i b u t i o n  
document f i l e  has no t  been given t o  the  NASA S c i e n t i f i c  and Technical Infor-  
mation Center ,  It is  recommended t h a t  t h e  l imi t ed  d i s t r i b u t i o n  f i l e  be  
included i n  t h e  RECON searches f o r  t h e  BATeam/TATeam. 

By t ak ing  a more active r o l e  i n  d i scuss ion  of s ea rch  

The TATeam's  approach t o  problem so lv ing ,  needs t o  be  c a r e f u l l y  evaluated 
with regards t o  b e t t e r  compliance t o  problem acceptance cri teria,  r educ t ion  
of t h e  t i m e  i n t e r v a l  from problem acceptance t o  s o l u t i o n  o r  i n a c t i v a t i o n  of 
a problem, c l o s e r  contact  with NASA F ie ld  Centers ,  and stricter requirements 
on NAPCA problem o r i g i n a t o r ' s  r e s p o n s i b i l i t y  towards documentation of how t h e  
information received w a s  used. 

The r eo rgan iza t ion  t ak ing  p l ace  i n  NAPCA and t h e  forthcoming inco rpora t ion  
i n t o  t h e  Environmental P ro tec t ion  Agency have a f f e c t e d  t h e  a b i l i t y  of t h e  
TATeam t o  work as e f f e c t i v e l y  as it otherwise could have worked with NAPCA 
problem o r i g i n a t o r s ,  Changes i n  personnel assignments and s h i f t s  i n  job  
d e s c r i b t i o n s  have caused problems which the  TATeam had n o t  previously encoun- 
t e r e d .  It  i s  no t  a n t i c i p a t e d  t h a t  t h i s  s i t u a t i o n  w i l l  exist f o r  long. 
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NASA Technology Applicat ion Team Quest ionnaire  

Name 

Divis ion 

I .  Please i d e n t i f y  t h e  problems by number, t i t l e ,  o r  s u b j e c t  which have been 
o r  are being i n v e s t i g a t e d  f o r  you by t h e  TATeam. 

11. Do t h e  TATeam Problem Statements desc r ib ing  t h e  problems l i s t e d  i n  I .  
accura t e ly  r ep resen t  t he  problems? 

Y e s  

P ar t  i a l l y  

No 

I f  you checked p a r t i a l l y  o r  no, p lease  i n d i c a t e  t h e  kind of i naccurac i e s  
which have occurred. 

111. Number below i n  order  of g r e a t e s t  e f f e c t i v e n e s s  i n  your opinion t h e  means 
of t r a n s f e r r i n g  t echno log ica l  information from NASA t o  NAPCA through t h e  
TATeam. Number one (1) should i n d i c a t e  t h e  most e f f e c t i v e .  

NASA con t rac to r  r e p o r t s  and published papers 

Telephone conversat ions 

Person-to-person conversat ions 

S p e c i a l ,  b r i e f  t e c h n i c a l  r e p o r t s  r e l a t e d  t o  s p e c i f i c  NAPCA problems 
and prepared by t h e  TATeam (Note: 
i n  t h e  TATeam program t o  d a t e ) .  

Such r e p o r t s  have no t  been used 
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I V .  To what degree has t h e  information you received through p a r t i c i p a t i o n  
i n  t h e  TATeam program been u s e f u l ?  
c a t e g o r i e s  and t h e  number of problems i n  each category) .  

(Please i n d i c a t e  one o r  more 

Problems solved with no engineer ing e f f o r t  r equ i r ed .  

Problems solved with a d d i t i o n a l  engineering o r  development 
e f f o r t  

Cost of applying technology excessive compared t o  p o t e n t i a l  
b e n e f i t s .  

NAPCA already aware of technology i d e n t i f i e d  by TATeam. 

Technology i d e n t i f i e d  by TATeam not  r e l e v a n t  t o  s o l u t i o n  of 
problem. 

V. Please state b r i e f l y  t h e  a c t i o n  taken a t  NAPCA as a r e s u l t  of information 
received through the  TATeam. Please inc lude  the  a p p l i c a t i o n  of o r  plans 
t o  apply technology i d e n t i f i e d  by t h e  TATeam as w e l l  as any changes i n  
NAPCA programs r e s u l t i n g  from information i d e n t i f i e d  by the  TATeam. 

VI. What recommendations can you make concerning ways of improving t h e  effec-  
t i veness  of t h e  TATeam's e f f o r t s  t o  t r a n s f e r  NASA technology t o  applica- 
t i o n s  i n  a i r  p o l l u t i o n  con t ro l ?  
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APPENDIX B 

Problem Statements Prepared 
During Reporting Period 
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RT I /AP- 5 6 
January 1970 

P R O B L E M  S T A T E M E N T  

"Techniques and Mechanisms f o r  Removal 
of P o l l u t a n t s  from G a s  Streams'' 

What i s  Needed 

A need w a s  determined i n  NAPCA f o r  obtaining performance d a t a  and 
information r e l a t i n g  t o  removal mechanisms f o r  s u l f u r  compounds, acid 
gases ,  and oxides of n i t r o g e n  from carrier gas streams. 

Background 

Adsorption and absorpt ion techniques have been used ex tens ive ly  f o r  
preparing p o l l u t a n t - f r e e  carrier gas streams f o r  use i n  c a l i b r a t i o n  
of a i r  p o l l u t i o n  monitoring equipment. Removal mechanisms and d a t a  
regarding removal e f f i c i e n c y ,  temperature e f f e c t s ,  and removal capac i ty  
of materials f o r  s p e c i f i c  p o l l u t a n t s ,  such as s u l f u r  compounds, ac id  
gases , and oxides of n i t rogen  are no t  a v a i l a b l e .  I n  t h e  p a s t ,  acti-  
vated carbon has been the  most f r equen t ly  used adsorbent f o r  removing 
t h e s e  compounds. Adsorption with accompanying chemical r e a c t i o n s  by 
var ious types of s o l i d  materials i s  promising i n  many areas. 

Constraints  and S p e c i f i c a t i o n s  

None 

C h a r a c t e r i s t i c s  of Relevant Technology 

Techniques and removal mechanisms amenable t o  removal of s u l f u r  compounds , 
acid gases ,  and oxides of n i t rogen  would be a p p l i c a b l e  t o  t h e  s o l u t i o n  
of t h i s  problem. 
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RT I /AI? -5 7 
March 1970 

P R O B L E M  S T A T E M E N T  

"Analytical  Techniques f o r  Trace Metals i n  
Combustion Ef f luen t s  from Coal and Residual Fuel O i l  Sources" 

What is Needed 

Analyt ical  techniques f o r  t he  determination of trace metals i n  combustion 
e f f l u e n t s  from coa l  and r e s i d u a l  f u e l  o i l  sources are needed. 

Background 

A knowledge of t h e  concentrat ion of  m e t a l l i c  a i r  p o l l u t a n t s  i s  
necessary i n  a s ses s ing  h e a l t h  hazards ,  damage t o  vege ta t ion ,  economic 
and geophysical e f f e c t s ,  and o the r s .  The r e sea rche r  d e s i r e s  t o  
measure t h e  concentrat ion of air p o l l u t a n t s  containing trace metal 
components i n  order  t o  determine t h e  s p e c i a l  requirement f o r  con- 
t r o l  of emissions containing such components. A t  t h e  p re sen t  t i m e  
t h e r e  are no techniques a v a i l a b l e  f o r  i n  s i t u  a n a l y s i s  of trace metals 
i n  stack e f f l u e n t s .  Stack sampling procedures f o r  e x t r a c t i n g  samples 
from combustion e f f l u e n t s  and a n a l y t i c a l  techniques f o r  determining 
trace metals i n  the  e x t r a c t e d  sample are, however, ava i l ab le .  The 
des i r ed  s o l u t i o n  t o  t h i s  problem would be  a n a l y t i c a l  techniques f o r  
i n  s i t u  ana lys i s ;  however, new a n a l y t i c a l  techniques no t  s u i t e d  f o r  
i n  s i t u  ana lys i s  but  amenable t o  ana lys i s  of metals i n  e x t r a c t  samples 
would be  of i n t e r e s t  t o  t h e  researcher .  Flame emission and atomic 
absorpt ion techniques are commonly used f o r  a n a l y s i s  of  e x t r a c t e d  
samples. 

The r e sea rche r ' s  p r i o r i t y  of i n t e r e s t  i n  these p o l l u t a n t s  is  as follows: 

1s t P r i o r i t y  2nd P r i o r i t y  3rd P r i o r i t y  

Arsenic 
Asbestos 
Beryllium 
Cadmium 
Mercury 
Nickel 

B a r i u m  
Chromium 
Vanadium 

I r o n  
Manganese 
Selenium 
Lead 

These substances w i l l  be  found e i t h e r  i n  the s o l i d  o r  vapor phase of 
var ious combustion e f f l u e n t s .  These metallic p o l l u t a n t s  may occur as 
t h e  primary c o n s t i t u e n t  of the f u e l  o r  may be  added t o  enhance o r  
con t ro l  combustion o r  t o  reduce o t h e r  p o l l u t a n t  emissions. 
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Const ra in ts  and Spec i f i ca t ions  

The technique should be  amenable t o  a n a l y s i s  of metals i n  s t a c k  
e f f l u e n t s  having gas  v e l o c i t i e s  between 20-120 f t / s e c .  and t e m -  
pe ra tu re s  up t o  2000°F. 
of d e t e c t i n g  microgram q u a n t i t i e s  of metals. 

Applicable  techniques should be capable  

C h a r a c t e r i s t i c s  of Relevant Technology 

Ana ly t i ca l  techniques involving x-ray d i f f r a c t i o n ,  microprobe 
a n a l y s i s ,  nuc lear  a c t i v a t i o n  a n a l y s i s ,  o r  new technology would be 
app li cab l e  t o  t h i s  prob l e m  . 
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RTI/AP-58 
J u l y  1970 P R O B L E M  S T A T E M E N T  

"Direct Measurement of Flame Temperature i n  Combustion Processes" 

What is  Needed 

A d i r e c t ,  non in te r f e r ing  technique i s  needed f o r  measurement of flame 
temperature i n  combustion processes.  

- Background 

Of t h e  several oxides of n i t rogen  which can occur,  n i t r i c  oxide (NO) and 
n i t rogen  dioxide (NO ) are considered t o  b e  of s i g n i f i c a n c e  i n  t h e i r  con- 
t r i b u t i o n  t o  air  p o l  1 u t ion .  Nitrogen d iox ide  i s  one of t h e  r e a c t a n t s  i n  
t h e  photochemical formation of eye i r r i t a t i n g  smog. 
experienced by most major c i t i es  a t  va r ious  t i m e s  i n  t he  pas t .  

Such smog has been 

Cycl ic  domestic o i l  furnaces  is  one of many sources emit t ing n i t r o g e n  
oxides as p o l l u t a n t s .  Even though emissions from a s i n g l e  domestic 
furnace may be  low, t h e  l a r g e  number of furnaces  i n  ope ra t ion  combine t o  
create a s i g n i f i c a n t  problem. Experiments conducted by NAPCA personnel 
have shown t h a t  t he  l e v e l  of production of n i t rogen  oxides is  a func t ion  
of burner design,  flame temperature,  and oxygen concentrat ion.  By main- 
t a i n i n g  a f i x e d  oxygen concentrat ion t h e  in f luence  of t h i s  v a r i a b l e  can 
be el iminated.  Thus, t o  t es t  the hypothesis t h a t  n i t rogen  oxide emissions 
can be minimized by s e l e c t i o n  of proper burner design and flame temperature 
t h e  r e sea rche r s  must be  a b l e  t o  study and map temperature p r o f i l e s  and 
p a t t e r n s  i n  t h e  flame without d i s t u r b i n g  t h e  flame i t s e l f .  

A t  t h e  present  t i m e ,  thermocouples are used t o  measure flame temperature;  
however, i n s e r t i o n  of t he  thermocouple i n t o  t h e  flame d i s t u r b s  t h e  flame, 
thus c rea t ing  a nonideal  s i t u a t i o n .  

Constraints  and Spec i f i ca t ions  

The p re fe r r ed  technique would y i e l d  a po in t  value of flame temperature; 
however, an acceptable  a l t e r n a t e  would be  a technique f o r  looking a t  s e c t i o n s  
of t he  flame t o  g e t  two-dimensional p r o f i l e s  of height  and length.  

Any acceptable technique must be  d i r e c t ,  non in te r f e r ing ,  capable of measuring 
temperatures i n  t h e  range of 1500 t o  4000°F and s u i t a b l e  f o r  measurement 
of flame temperatures i n  f i reboxes with minimum dimensions of 10" x 10" x 28". 
Also, s u i t a b l e  c a l i b r a t i o n  procedures are required f o r  any accepted tech- 
nique. 

C h a r a c t e r i s t i c s  of Relevant Technology 

Photographic, spectrographic  , and o t h e r  techniques based on new technology 
would be app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
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P R O B L E M  S T A T E M E N T  

RTI/AP-60 
J u l y  1970 

"Portable Carbon Monoxide Analyzer" 

What i s  Needed 

A p o r t a b l e ,  battery-operated carbon monoxide analyzer  i s  needed f o r  
use i n  emergency episode monitoring, 

Background 

A knowledge of t h e  concentrat ion of t o x i c  a i r  p o l l u t a n t s  i s  necessary 
i n  a s ses s ing  p o t e n t i a l l y  hazardous s i t u a t i o n s  during emergency a i r  
p o l l u t i o n  episodes. 
has t h e  r e s p o n s i b i l i t y  of formulating emergency episode p l ans  and 
obtaining r e l i a b l e ,  p o r t a b l e  instrumentat ion f o r  use during t h e s e  
s i t u a t i o n s .  P o t e n t i a l l y  dangerous s i t u a t i o n s  can r e s u l t  from explosions 
a t  chemical p l a n t s ;  derailment of railway tank cars carrying poisonous 
gases;  p o l l u t i o n  buildup on crowded freeways, i n  t r a f f i c  jams , and under 
adverse meteorological condi t ions (i.e. temperature inve r s ions  and 
s t a g n a t i o n  pe r iods ) ;  and from a c c i d e n t a l  discharge of p o l l u t a n t s  i n t o  
t h e  atmosphere due t o  f a i l u r e  of c o n t r o l  equipment. To e f f e c t i v e l y  
a v e r t  disasteqNAPCA must be  a b l e  t o  go quickly i n t o  the  area, i d e n t i f y  
and determine t h e  ex ten t  of t he  problem, and t ake  e f f e c t i v e  measures. 
Po r t ab le ,  r e l i a b l e  instrumentat ion i s  required t o  determine p o l l u t a n t  
concentrat ions i n  t h e  a f f e c t e d  area. 

The Nat ional  A i r  P o l l u t i o n  Control Administration 

The r e sea rche r  needs a po r t ab le ,  l ightweight  carbon monoxide (CO) 
analyzer  f o r  determining t h e  concentrat ion of CO i n  ambient air during 
an air p o l l u t i o n  episode. The concentrat ion range of i n t e r e s t  i s  from 
10 t o  50 p a r t s  per  m i l l i o n  (ppm). Normal background levels of CO range 
from approximately 0.2 t o  1 ppm. Adverse h e a l t h  e f f e c t s  and automobile 
d r i v e r  f a t i g u e  has  been documented when exposure levels exceed 20 t o  30 
ppm. 
by nondispersive i n f r a r e d  techniques; however, t h e s e  analyzers  are no t  
portable .  According t o  NAPCA, no commercial device as descr ibed above 
is  ava i l ab le .  Under a n  emergency episode cond i t ion ,  t h e  instrument would 
be  flown t o  t h e  s i te  of t h e  problem, set up i n  an automobile, and used 
t o  measure t h e  concentrat ion of 60 i n  t h e  area. 

Constraints  and Spec i f i ca t fons  

The CO analyzer must b e  l ightweight ,  po r t ab le ,  operable on b a t t e r y  power, 
r e l a t i v e l y  inexpensive ( i . e . ,  less than $3,000) , r e l i a b l e ,  e a s i l y  . 
maintained, amenable t o  sampling from a moving automobile, and rugged. 
The concentrat ion range of i n t e r e s t  is  from 10 t o  50 ppm; however, a 
range of 0-100 ppm or  0-500 ppm would be s a t i s f a c t o r y ,  provided t h e  
s e n s i t i v i t y  of t h e  instrument w a s  0.5 ppm CO o r  b e t t e r .  

Carbon monoxide concentrat ions i n  ambient a i r  are usua l ly  monitored 
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C h a r a c t e r i s t i c s  of Relevant Technology 

The following comments are i n  no way intended t o  b i a s  reviewers from 
o the r  l i n e s  of approach. New technology i n  t h e  area of thin-f i lm 
sensors  should be app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. Conven- 
t i o n a l  systems using nondispersive i n f r a r e d  would be  app l i cab le ,  i f  
they could b e  made po r t ab le  and t h e  ce l l  pa th  shortened without loss 
of s e n s i t i v i t y .  
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P R O B L E M  S T A T E M E N T  

RTI/AP-61 
October 1970 

"Mathematical Models f o r  P r e d i c t i o n  of P o l l u t a n t  
Formation During Combustion" 

- What i s  Needed 

A mathematical model i s  needed t h a t  w i l l  al low t h e  r e sea rche r  t o  determine 
which v a r i a b l e s  are t h e  most c r i t i ca l  t o  p o l l u t a n t  formation during 
combus t i o n .  

Background 

One of the o b j e c t i v e s  of NAPCA personnel  i n  t h e  Divis ion of Process Control 
Engineering is t o  c o n t r o l  emissions of n i t r o g e n  oxides and combustible 
p a r t i c u l a t e s  (carbon, hydrocarbons, e tc . )  by modif icat ion o r  c o n t r o l  of t he  
combustion of f o s s i l  f u e l s  i n  domestic, commercial, and i n d u s t r i a l  b o i l e r s .  
S p e c i f i c  i n t e r e s t  is  i n  c o a l ,  o i l ,  and gas burning systems. Experiments 
run by NAPCA personnel have shown t h a t  v a r i a b l e s  which a f f e c t  formation of 
t h e s e  p o l l u t a n t s  during combustion are f u e l  a tomizat ion,  evaporat ion,  o r  
p a r t i c l e  s i z e ,  burner and combustion chamber des ign ,  chamber materials, 
f u e l / a i r  r a t i o ,  flame temperature and turbulence o r  mixing. 

Because of t h e  l a r g e  number of v a r i a b l e s ,  t he  r e sea rche r  needs information 
t h a t  w i l l  allow him t o  determine which of t he  v a r i a b l e s  are t h e  most cri- 
t i c a l  t o  p o l l u t a n t  formation. This can be  accomplished by a mathematical 
model which desc r ibes  t h e  combustion process.  Although such a model w i l l  
probably r e q u i r e  many s impl i fy ing  assumptions, i t  should be  a b l e  t o  p r e d i c t  
t h e  e f f e c t s  of numerous c r i t i ca l  v a r i a b l e s  on t h e  temperature,  concentrat ion 
and v e l o c i t y  p r o f i l e s  w i th in  t h e  flame. 

The r e sea rche r  i s  aware of f i v e  such b a s i c  computer programs which have 
been developed by t h e  Interagency Chemical Rocket Propuls ion Group (ICRPG) 
t o  p r e d i c t  va r ious  a spec t s  of t he  combustion process .  They are coded, ODE, 
ODK, TBL, TDE, and TDK. The r e sea rche r  would l i k e  t o  know t h e  assumptions, 
l i m i t a t i o n s ,  and app l i ca t ions  of t hese  programs, and t h e i r  la tes t  modifica- 
t i o n s ,  condensations,  and u t i l i z a t i o n .  A demonstration of t he  a b i l i t y  of 
t h e s e  models t o  p r e d i c t  experimental  d a t a  would a l s o  b e  u s e f u l .  
t h e  r e sea rche r  would l i k e  t o  know what agencies o r  groups w i t h i n  NASA and 
what NASA con t rac to r s  are most adept i n  t h e  u t i l i z a t i o n  of t h e s e  o r  t h e  
modified programs t o  p r e d i c t  t h e  chemistry and aerodynamics w i t h i n  t h e  
flame o r  combustion chamber. 

I n  a d d i t i o n  

I n  a d d i t i o n  t o  a mathematical model, t h e  r e sea rche r  i s  i n t e r e s t e d  i n  
a v a i l a b l e  experimental  r e s u l t s  which can provide similar information sought 
through a mathematical model. 

Constraints  and S p e c i f i c a t i o n s  

Maximum combustion temperatures of i n t e r e s t  are those  less than  2000"F, and 
information should be  confined t o  liquid-vapor o r  solid-vapor systems. 
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C h a r a c t e r i s t i c s  of Relevant Technology 

Mathematical models and experimental  d a t a  which w i l l  al low t h e  r e sea rche r  
t o  relate v a r i a b l e s  a f f e c t i n g  combustion t o  p o l l u t a n t  formation would be  
app l i cab le .  
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RTI/AP-62 
J u l y  1970 

P R O B L E M  S T A T E M E N T  

"Reduction of Exhaust Emission of Nitrogen Oxides 
From Gas Turbine Engines" 

What is  Needed 

A technique is  needed f o r  reducing t h e  exhaust emission of n i t r o g e n  oxides  
from gas t u r b i n e  engines.  

Background 

The emission of unburned hydrocarbons, carbon monoxide, and n i t r o g e n  oxides  
from motor v e h i c l e s  is  recognized as a major c o n t r i b u t o r  t o  a i r  p o l l u t i o n .  
Seve ra l  methods are being considered t o  reduce o r  e l i m i n a t e  t h i s  source of 
p o l l u t i o n .  
w i th  low emission c h a r a c t e r i s t i c s ,  which could supp lan t  t h e  g a s o l i n e  spa rk  
i g n i t i o n  engines i n  passenger cars. 

One approach being pursued is t h e  development of an engine,  

One p o s s i b i l i t y  is  t h e  gas  t u r b i n e  engine which has  a l r eady  been t e s t e d  
i n  a number of convent ional  and nonconventional passenger cars. A gas 
t u r b i n e ' s  t o t a l  emit ted p o l l u t a n t s  i n  grams/mile is w e l l  below t h a t  of  a 
p i s t o n  engine employing t h e  la tes t  c o n t r o l  devices .  S p e c i f i c a l l y ,  t h e  gas  
t u r b i n e  produces much less carbon monoxide and unburned hydrocarbons than 
does t h e  p i s t o n  engine,  while  t h e  emission of n i t r o g e n  oxides  is about t h e  
same (1-5 grams/mile) f o r  t h e  two engines.  

Any technique s i g n i f i c a n t l y  reducing t h e  emission of n i t r o g e n  oxides  with- 
out  i nc reas ing  t h e  level of carbon monoxide and unburned hydrocarbons, 
would, from t h e  s t andpo in t  of a i r  p o l l u t i o n ,  make t h e  gas  t u r b i n e  a very  
attractive automobile poweg p l a n t .  

Cons t r a in t s  and S p e c i f i c a t i o n s  

The technique should reduce t h e  emission of n i t rogen  oxides by 75-90 percent  
without adversely changing t h e  emission l e v e l  of carbon monoxide and unburned 
hydrocarbons. It must not  s i g n i f i c a n t l y  reduce t h e  e f f i c i e n c y  o r  r e l i a b i l i t y  
of t h e  engine. The weight,  volume and cos t  of any device has t o  be  compati- 
b l e  w i th  a 100-300 horsepower automobile power p l an t .  

Cha rac t e r i s  t i cs  of Relevant Technology 

Flame a f t e r b u r n e r s ,  exhaust recycle, f u e l  t reatment ,  c a t a l y t i c  muf f l e r s ,  and 
new technology developed f o r  a i r c r a f t  a p p l i c a t i o n s  may be  app l i cab le ,  
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RTI /a- 6 3 
August 1970 

P R O B L E M  S T A T E M E N T  

"Low Cost Materials f o r  Gas Turbine Engines" 

What is Needed 

Low-cost materials s u i t a b l e  f o r  u se  i n  gas  t u r b i n e  engines are needed. 

Background 

I n  t h e  United S t a t e s  i n t e r n a l  combustion engines produce a n  est imated 
60 pe rcen t  of a l l  a i r  po l lu t ion .  One means of reducing t h e  level of 
p o l l u t i o n  from t h i s  source would b e  t o  r e p l a c e  t h e  p i s t o n  engines i n  
passenger cars wi th  gas  t u r b i n e  engines.  P resen t  g a s  tu rb ines  have a 
lower emission level of p o l l u t a n t s  than a p i s t o n  engine o u t f i t t e d  w i t h  
t h e  latest p o l l u t i o n  c o n t r o l  devices.  

The gas  tu rb ine ,  i n  i t s  p resen t  s ta te  of development, can b e  b u i l t  t o  
compete w i t h  t h e  r e l a t i v e l y  expensive heavy-duty d i e s e l  t r u c k  engine,  
b u t  some of t he  materials and f a b r i c a t i n g  methods make i t  c o s t  more f o r  
passenger cars than t h e  g a s o l i n e  p i s t o n  engine.  The a v a i l a b i l i t y  of 
low-cost materials would i n c r e a s e  t h e  economic f e a s i b i l i t y  of introduc- 
i n g  t h e  gas  t u r b i n e  as an engine f o r  passenger cars. This ,  i n  t u r n ,  
would reduce and h e l p  c o n t r o l  f u t u r e  a i r  p o l l u t i o n  levels. 

Materials t h a t  are now being used are high n i c k e l  steel cos t ing  approx- 
imately $1.50 p e r  pound. 

Cons t r a in t s  and S p e c i f i c a t i o n s  

S t r u c t u r a l  materials must have a h igh  strength-to-weight r a t i o .  
must b e  economic, r e l i a b l e ,  and i n  adequate supply.  

They 

C h a r a c t e r i s t i c s  of Relevant Technology 

Alloying, d i s p e r s i o n  s t r eng then ing ,  preal loyed powder technology, and 
thermomechanical processing are some of the techniques being i n v e s t i g a t e d  
t h a t  would b e  a p p l i c a b l e  t o  t h i s  problem. 
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P R O B L E M  S T A T E M E N T  

RTI/A3?-64 
August 1970 

"Increased Ef f i c i ency  of Gas Turbine Engines" 

What is Needed 

A technique is needed f o r  i nc reas ing  t h e  e f f i c i e n c y  of gas  t u r b i n e  engines.  

Background 

There has been much d iscuss ion  i n  t h e  t echn ica l  l i t e r a t u r e  i n  t h e  p a s t  
years  concerning t h e  f e a s i b i l i t y  of t h e  gas  tu rb ine  engine as a means f o r  
reducing a i r  p o l l u t i o n  r e s u l t i n g  from exhaust emissions of automotive 
engines.  A gas  tu rb ine  engine powered v e h i c l e  produces less p o l l u t i o n  
(grams/mile) than does a p i s t o n  engine v e h i c l e  employing t h e  latest pol lu-  
t i o n  c o n t r o l  devices .  

I n  s p i t e  of t h e  t u r b i n e ' s  a t t r a c t i v e n e s s ,  f o r  i t s  low l e v e l  emissions,  i t  
is  f e l t  t h a t  f o r  automotLve use ,  f u r t h e r  reduct ion  i n  f u e l  consumption 
must be accomplished, e s p e c i a l l y  a t  p a r t  load. The e f f i c i e n c y  of exper- 
imental  models being t e s t e d - b y  d i f f e r e n t  automobile manufacturing organiza- 
t i o n s  range from 20 t o  26 percent  a t  f u l l  load ,  and can f a l l  as low as 
14 percent a t  part  load. 

One area of research  aimed a t  increas ing  t h e  e f f i c i e n c y  i s  d i r e c t e d  toward 
increas ing  the  al lowable maximum cyc le  temperature e i t h e r  through improved 
metal lurgy o r  t u rb ine  b lade  cool ing arrangements. Other methods being 
used are improved a f t e rbu rne r  and regenera tor  designs.  

Cons t ra in ts  and Spec i f i ca t ions  

The technique should not  cos t  more than it  would save i n  one year  of normal 
dr iv ing .  
of t h e  engine. It must no t  add excess ive ly  t o  t h e  weight o r  volume of t h e  
engine. 

The technique must b e  s a f e ,  r e l i a b l s a n d  durable  f o r  t h e  l i f e  

C h a r a c t e r i s t i c s  of Relevant Technology 

Meta l l i c  a l l o y  systems, nonmetal l ic  a l l o y  systems, composite materials, 
f i lamentary  composites, p l a s t i c  o r  polymer matrix materials, and metal lur-  
g i c a l  a l loy ing  of metal matrix materials a l l  wi th  increased  temperature 
c a p a b i l i t i e s  may be  app l i cab le  to t h i s  problem. 

Also, a f t e rbu rne r  and/or regenera tor  technologies  would be appl icable .  
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RTZ /AP-65 
September 1970 

P R O B L E M  S T A T E M E N T  

"Functional E f f e c t s  of Chemical Agents and t h e  Appl ica t ion  of 
Reference Procedures i n  Re la t ion  t o  I n t e r l a b o r a t o r y  

Comparison of Resul ts"  

What is  Needed 

More s p e c i f i c  and s e n s i t i v e  f u n c t i o n a l  tests and r e fe rence  subs tances  f o r  
i n t e r l a b o r a t o r y  comparison of r e s u l t s  o f  t h e s e  tests are needed t o  de t e r -  
mine t h e  e f f e c t s  of t o x i c  substances on nervous system func t ion .  

Background 

The B io log ica l  Research Branch (BRB) conducts sys temat ic  l abora to ry  research  
t o  d e t e c t  and eva lua te  t o x i c o l o g i c a l  e f f e c t s  of a i r  p o l l u t i o n  on b i o l o g i c a l  
systems, The Behavioral  Toxicology Sec t ion  of BRB i s  respons ib le  f o r  
i d e n t i f y i n g  t h e  a i r  p o l l u t a n t s  t h a t  may in f luence  t h e  development and func t ion  
of the  b r a i n  and a l t e r  behavior and performance. 
r e sea rche r  i s  i n t e r e s t e d  i n  access ing  what agents  and circumstances i n  the  
environment a f f e c t  the a b i l i t y  of people t o  perform e f f i c i e n t l y  at given t a sks .  
To t h i s  end, var ious  mammalian animal spec ie s  a r e  used as experimental  models ,  
thus  permi t t ing  observat ions not  p o s s i b l e  i n  human s u b j e c t s ,  Behavior char- 
acteristics, such as s t u d i e s  of l e a r n i n g ,  d e c i s i o n  making, percept ion ,  memory ~ 

and motivatioq, are observed under d i f f e r e n t  l e v e l s  of p o l l u t a n t s  t h a t  are 
acceptab le  f o r  normal l i v i n g  and working cond i t ions ,  

Within t h i s  framework t h e  

The r e sea rche r  needs information regard ing  more s e n s i t i v e  and s p e c i f i c  func- 
t i o n a l  tests f o r  determining e f f e c t s  of t o x i c  subs tances  on nervous system 
response and performance. To a s ses s  t h e  s i g n i f i c a n c e  of t h e s e  f u n c t i o n a l  
tests,  he a l s o  d e s i r e s  information regarding procedures f o r  using experimental  
t o x i c o l o g i c a l  d a t a  i n  t h e  form of c o e f f i c i e n t s  of r e l a t i v e  t o x i c i t y ,  expressing 
t h e  e f f e c t s  of t he  s tud ied  substance i n  comparison wi th  agreed upon r e fe rence  
s tandards  (drugs,  e t c , ) ,  The use o f  r e fe rence  substances would a l l o w  quant i -  
t a t i v e  comparison of t h e  e f f i c i e n c y  of t h e  test ,  a s  w e l l  a s  comparison and 
v a l i d a t i o n  of d a t a  obtained i n  var ious  l a b o r a t o r i e s  throughout t h e  world. 
Funct iona l  tests and agreed upon r e fe rence  subs tances  a r e  of major importance 
i n  developing a worldwide c o l l a b o r a t i v e  t e s t i n g  program, The u l t i m a t e  objec- 
t i v e  is t o  determine t h e  e f f e c t s  of a i r  p o l l u t a n t s  on human behavior and bodi ly  
func t ions  and t o  provide d a t a  necessary  f o r  e s t a b l i s h i n g  s a f e  ambient a i r  
q u a l i t y  s tandards .  

C h a r a c t e r i s t i c s  of Relevant Technology 

Information regarding functfional tests for e f f e c t s  of toxic substances and the 
use of r e fe rence  substances i n  a s ses s ing  the s i g i f f c a n c e  of t h e s e  tes te ,would 
be app l i cab le  t o  this problem, 
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RTI /A3?- 6 6 
September 1970 

P R O B L E M  S T A T E M E N T  

" D i f f e r e n t i a l  P res su re  Transducer f o r  I s o k i n e t i c  
Stack Gas Sampling" 

What is  Needed 

A d i f f e r e n t i a l  p re s su re  t ransducer  s u i t a b l e  f o r  u se  with stack sampling 
equipment is needed. 

Background 

Atmospheric p a r t i c u l a t e  materials generated by i n d u s t r i a l  processes may con- 
tain o r  be  composed of t o x i c ,  corrosive,  and e r o s i v e  compounds. Their  
presence i n  t h e  atmosphere are known t o  e f f e c t  v i s i b i l i t y  and cause damage 
t o  h e a l t h ,  t o  appearance, and t o  p l a n t  l i f e .  To determine t h e  amount of 
p o l l u t i o n  emanating from process v e n t s  and s t a c k s  NAPCA has undertaken t h e  
t a s k  of measuring a i r  p o l l u t a n t  emissions a t  t h e i r  sources.  The measurements 
are made t o  determine i f  an i n d u s t r i a l  process  meets l e g a l  l i m i t a t i o n  o r  t o  
o b t a i n  s u f f i c i e n t  information about t h e  n a t u r e  of t h e  p a r t i c u l a t e  a i r  p o l l u t a n t  
t o  permit remedial  act ion.  

The Pub l i c  Health Service has designed a compact, po r t ab le ,  s tu rdy  s t a c k  
sampling system capable of c o l l e c t i n g  s o l i d s ,  m i s t s  and gaseous p o l l u t a n t s  
from most chemical and combus t i o n  processes.  
equipment r e q u i r e s  continuous d i f f e r e n t i a l  p re s su re  measurements a t  t h r e e  
d i f f e r e n t  p o i n t s  i n  t h e  system. Two i n c l i n e d h e r t i c a l  manometers and one 
U-tube mercury manometer are used t o  make t h e s e  measurements. During a d a t a  
c o l l e c t i o n  run, two of t h e  manometers have t o  be v i s u a l l y  monitored i n  order  
f o r  adjustments t o  be made t o  i n s u r e  t h a t  t h e  sampling ra te  i s  i s o k i n e t i c  as 
i t  must be. 

Replacement.of t h e  manometers with t ransducers  would make p o s s i b l e  automatic 
d i g i t a l  o r  analog readout and automatic c o n t r o l  of sampling flow rate,  and 
should g r e a t l y  i n c r e a s e  t h e  equipment's usefulness  i n  t h e  f i e l d .  

Constraints  and S p e c i f i c a t i o n s  

The t ransducer  must be capable of measuring d i f f e r e n t i a l  p re s su re  i n  t h e  range 
of .001-10 inches of water with an accuracy of 5 10% f o r  each p res su re  ( i .e. 
- + 10% a t  0,001 in.  w a t e r ) .  
between 0 and 125OF. 
rugged and c o s t  no more than $1,000. 
ist ics of t h e  t ransducer  would b e  he lp fu l .  

It should b e  i n s e n s i t i v e  t o  temperature changes 
The t ransducer  must be  l ightweight ,  po r t ab le ,  simple, 

Data descr ibing t h e  performance character-  

Charac t e r i s  tics of Relevant Technology 

Semiconductor strain-gauge, capaci tance,  p i e z o e l e c t r i c ,  and p i e z o r e s i s t i v e  
t ransducers  would be  app l i cab le  t o  t h i s  problem. 
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APPENDIX C 

P r o b l e m  S t a t e m e n t s  C i r c u l a t e d  
t o  NASA C e n t e r s  
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RTI/AP-38 
J u l y  1970 

P R O B L E M  S T A T E M E N T  

"Measuring Techniques f o r  Airborne P a r t i c u l a t e s "  

What i s  Needed 

A r ap id  technique i s  needed f o r  measuring t h e  s i z e  and concen t r a t ion  
of flue-borne p a r t i c u l a t e s  from f o s s i l  f u e l  combustion. 

Background 

P a r t i c u l a t e  matter which o r i g i n a t e s  i n  a wide v a r i e t y  of i n d u s t r i a l  
and n a t u r a l  processes  is a major a i r  p o l l u t i o n  problem, 
t r i b u t i o n  and concentrat ion of t h e s e  p a r t i c u l a t e s  are r e l a t e d  t o  several 
v a r i a b l e s  which are c o n t r o l l a b l e  i n  t h e  combustion area. 
r ap id  means of measuring t h e i r  s i z e  and concentrat ion would al low ad jus t -  
ments t o  b e  made t o  minimize t h e i r  emission. 

The s i z e  d i s -  

Therefore ,  a 

-- I n  s i t u  techniques f o r  continuous monitoring are required t o  optimize 
t h e  c o n t r o l  process .  However, i f  such techniques are no t  a v a i l a b l e ,  a 
r ap id  procedure f o r  measuring ex t r ac t ed  samples w i l l  be accep tab le  u n t i l  
i n  s i t u  techniques can be developed. 
shape of p a r t i c l e s  would be  a d i s t i n c t  advantage, bu t  t h i s  is  no t  a prime 
requirement. 

A system t h a t  a l s o  i d e n t i f i e s  t h e  -- 

Presen t ly ,  l i g h t  s c a t t e r i n g  techniques are used f o r  determining s i z e  and 
concentrat ion of p a r t i c u l a t e s  i n  ambient a i r .  These techniques are l imi t ed  
however, t o  a sampling rate of about one cub ic  f o o t  p e r  minute and have 
a minimum d e t e c t a b l e  p a r t i c l e  s i z e  diameter of about 0.3 microns. N o  
techniques are c u r r e n t l y  a v a i l a b l e  f o r  i n  s i t u  ana lys i s .  

Constraints  and Spec i f i ca t ions  

The requirements of t h i s  type device are that i t  have a sampling rate i n  
excess of 1 cu f t /min ,  be a b l e  t o  d e t e c t  p a r t i c l e  s i z e s  from 0.01-60 microns, 
be amenable t o  a n a l y s i s  of p a r t i c u l a t e s  i n  s t a c k  gases with v e l o c i t i e s  up 
t o  120 f t / s e c  and temperatures up t o  900"F, and be  r e l a t i v e l y  Inexpensive. 

C h a r a c t e r i s t i c s  of Relevant Technology 

Opt i ca l ,  a c o u s t i c a l ,  holographic,  and radiometr ic  techniques would be  
app l i cab le  t o  i n  s i t u  d e t e m i n a t i o n  of s i z e  and concentrat ion of p a r t i c u l a t e s  
from f o s s i l  f u e l  combustion. 

For Further  Information, Contact 

C. E. Decker 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
919-549-8311 Ext. 391 
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R T I  /AP-42 
August 1969 

P R O B L E M  S T A T E M E N T  

"Development of Lightweight Furnace Ref rac to ry  Material" 

What i s  Needed 

A i r  p o l l u t i o n  r e s u l t i n g  from unburned hydrocarbons produced i n  c y c l i c  
domestic o i l  fu rnaces  may be  reduced through t h e  development of a l i gh twe igh t  
r e f r a c t o r y  material f o r  t h e  f i r e  box. 

Background 

Although a i r  p o l l u t i o n  from a s i n g l e  domestic fu rnace  i s  low, t h e  l a r g e  
number of such fu rnaces  i n  ope ra t ion  create a s i g n i f i c a n t  problem. It has  
been found t h a t  t h e  output  of unburned hydrocarbons f r o m c y c l i c  domestic 
furnaces  i s  h ighes t  during i n i t i a t i o n  and aga in  during e x t i n c t i o n  of t h e  
f l a m e .  A t  t h e  la t ter  pe r iod , the  concen t r a t ion  i s  e s p e c i a l l y  high. One 
explanat ion f o r  t h i s  phenomena is t h a t  during these  pe r iods ,  t he  f u e l  o i l  
d r ipp ing  i n t o  t h e  h o t  burner box vaporizes  wi th  par t ia l  burninR. 
i n  t h e  hea t ing  and cool ing t i m e  €o r  t he  furnace w a l l s  would alleviate 
t h i s  s i t u a t i o n .  
low mass, good i n s u l a t i o n ,  and good heat  r e f l e c t i n g  characteristics, 
Machineable r e f r a c t o r y  materials wi th  good i n s u l a t i n g  p r o p e r t i e s  are a l s o  
needed f o r  i n s e r t i o n  between f i r e  boxes and t h e  h e a t  exchanger t o  prevent  
e r o s i o n  of t h e  base p l a t e  of t h e  h e a t  exchanger. 

A reduct ion 

This r equ i r e s  a good r e f r a c t o r y  material which combines 

Requirements and Cons t r a in t s  

Operating temperatures are between 2300°F and 3000°F. 
material should be bondable t o  metal o r  machineable i n  o rde r  t h a t  it can 
b e  made a n  i n t e g r a l  p a r t  of t h e  combustion chamber. 

The r e f r a c t o r y  

C h a r a c t e r i s t i c s  of Relevant Technology 

Refractory materials developed f o r  aerospace a p p l i c a t i o n s  should prove 
a p p l i c a b l e  t o  t h e  s o l u t i o n  of t h i s  problem. 
upper l i m i t  of t h e  temperature requirements f o r  t h e  material is only 
3000OF. 

It should be  noted t h a t  t h e  

For more information c o n t a c t  

C. E. Decker 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
919-549-8311 E x t .  391 
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RTI/AF'-47 
J u l y  1970 

P R O B L E M  S T A T E M E N T  

"Feeder Systems f o r  P a r t i c u l a t e s  i n  Gases'' 

What is  Needed 

A method f o r  preparing s tandard mixtures of p a r t i c u l a t e s  i n  gases is 
needed f o r  dynamic c a l i b r a t i o n  of p a r t i c u l a t e  monitoring equipment. 

Background 

The success  of any program designed t o  c o n t r o l  a i r  p o l l u t i o n  w i l l  depend 
t o  a g rea t  degree on t h e  a b i l i t y  t o  make q u a n t i t a t i v e  measurements of 
t h e  d i f f e r e n t  p o l l u t a n t s ,  The experimental  program of NAPCA r e l a t e d  t o  
t h e  development of measuring techniques f o r  a i rbo rne  p a r t i c u l a t e s ,  
r equ i r e s  a r e l i a b l e  method f o r  introducing and c o n t r o l l i n g  the  s i z e  and 
concentrat ion of p a r t i c u l a t e s  i n  gaseous systems f o r  c a l i b r a t i o n  
purposes. 

A t y p i c a l  method involves t h e  use of a screw feeder  t o  introduce dry 
powder i n t o  a j e t  of a i r  which is  then mixed i n  a chamber s imulat ing 
f i e l d  condi t ions.  D i f f i c u l t i e s  which are observed include t h e  s e t t l i n g  
of l a r g e r  and more dense p a r t i c l e s  i n  t h e  powder as w e l l  as i n  t h e  air  
stream. Also, the screw feeder  has a tendency t o  pack and r e d i s t r i b u t e  
t h e  known o r i g i n a l  s i z e  d i s t r i b u t i o n .  A problem common t o  a l l  p re sen t ly  
used methods is ,  after mixing w i t h  air ,  i t  is d i f f i c u l t  t o  o b t a i n  a s i z e  
dens i ty  d i s t r i b u t i o n  over a l a r g e  volume which remains constant  e i t h e r  
i n  t i m e  o r  space. 

I n  t h e  pas t ,  systems based on screw-type f eede r s  o r  hydrosol generators  
have no t  been s a t i s f a c t o r y  f o r  uniform generat ion of p a r t i c u l a t e s .  

Constraints  and Spec i f i ca t ions  

The primary requirement of t h i s  f eede r  system i s  that i t  must introduce 
parkicles  with a diameter between 0 .1  and 60 microns with a concen- 
t z a t i o n  up t o  lo8 p a r t i c l e s  pe r  cubic  f o o t .  
s i z e  d i s t r i b u t i o n  and p a r t i c l e  concentrat ion long enough t o  be sampled 
by p a r t i c u l a t e  measuring instruments .  

It must maintain a constant  

C h a r a c t e r i s t i c s  of Relevant Technology 

Techniques capable of introducing and c o n t r o l l i n g  the s i z e  and concentrat ion 
of p a r t i c u l a t e s  i n  a gas stream would be app l i cab le  t o  this problem. 
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For Further  Information, Contact 

C. E. Decker 
Research Tr iangle  I n s t i t u t e  
P.  0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
919-549-8311 Ext. 391 
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RT I /AJ?-4 9 
January 1970 

P R O B L E M  S T A T E M E N T  

"Development of Improved Gas Flow Rate Control o r  Measuring 
Systems f o r  A i r  P o l l u t i o n  Monitoring Equipment" 

What is Needed 

An improved device f o r  measuring and/or c o n t r o l l i n g  gas  flow rates i n  a i r  
p o l l u t i o n  monitoring instrumentat ion is  required f o r  more accu ra t e  determinat ion 
of trace gases  i n  ambient air. 

Background 

One of t h e  most s e r i o u s  l i m i t a t i o n s  of a i r  p o l l u t i o n  monitoring instrumenta- 
t i o n  is t h e  i n a b i l i t y  of t h e  a i r  flow c o n t r o l  devices  used t o  maintain 
constant  gas flow rates over a given t i m e  i n t e r v a l .  Rotameters and c r i t i ca l  
o r i f i c e s  are commonly used t o  maintain o r  c o n t r o l  a i r  flow. 
do not  perform s a t i s f a c t o r i l y  and c o n t r i b u t e  t o  erroneous o r  u n r e l i a b l e  data .  
Inaccuracies  i n  t h e  s e t t i n g  of rotameters  and t h e  i n a b i l i t y  t o  read s m a l l  
changes are t h e  main ob jec t ions  t o  t h e  use  of rotameters.  Cri t ical  o r i f i c e s ,  
on t h e  o the r  hand, are sub jec t  t o  clogging by p a r t i c u l a t e s  and e ros ion  
of t h e  o r i f i c e .  Neither device can be monitored automatical ly  nor provide 
a record of t h e  t o t a l  volume o r  t h e  rate a t  which t h e  a i r  stream w a s  sampled. 

These devices  

Cons t r a in t s  and S p e c i f i c a t i o n s  

The requirements f o r  such a device t o  c o n t r o l  o r  maintain known flow rates 
are t h a t  i t  1) be compact, 2) ope ra t e  a t  atmospheric p re s su re  o r  low 
vacuum and a t  ambient temperatures,  
and 
d e s i r a b l e ,  b u t  i s  no t  required,  t h a t  t h e  device t o  be a b l e  t o  monitor 
i t s e l f  o r  provide a record of gas flow. 

3 )  be a b l e  t o  withstand co r ros ive  gases ,  
4) have an operat ing range of from 100 cc/min t o  5 l/min. It would be 

C h a r a c t e r i s t i c s  of Relevant Technology 

One approach t o  t h e  s o l u t i o n  of t h i s  problem might involve a device t h a t  
would maintain a cumulative record of t h e  t o t a l  volume sampled. 
t h e  most d e s i r a b l e  s o l u t i o n  would be a device t h a t  could maintain o r  c o n t r o l  
flow rates so a c c u r a t e l y  t h a t  v i s u a l  monitoring o r  adjustments would be 
unnecessary. 
of a i r  p o l l u t i o n  monitoring equipments having sampling rates of from 
100 cc/min. t o  5 l/min. 

I d e a l l y ,  

This device would be used t o  c o n t r o l  flow rates on a v a r i e t y  

For more information con tac t  

C. E. Decker 
Research Triangle  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
919-549-8311 Ext.  391 
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P R O B L E M  S T A T E M E N T  

RTI/ AI? -5 0 
Ju ly  1970 

"Improved Techniques f o r  t he  Prepara t ion  of 
Standard Concentrations of Carbon Monoxide 

and Methane" 

What i s  Needed 

An improved technique is needed f o r  t h e  prepara t ion  of s tandard concen- 
t r a t i o n s  of carbon monoxide (60) and methane (CH4) f o r  use i n  dynamically 
c a l i b r a t i n g  CO and hydrocarbon analyzers .  

Background 

Continuous measurement of t h e  concentrat ion of minor atmospheric cons t i -  
t uen t s  is required i n  t h e  s tudy and con t ro l  of atmospheric p o l l u t a n t s .  
Instruments have been developed which measure and record the  concentrat ion 
of CO and hydrocazbons i n  ambient a i r .  However, t hese  instruments  s u f f e r  
from a major f a u l t  i n  t h a t  techniques a v a i l a b l e  f o r  dynamic c a l i b r a t i o n  
are usua l ly  unacceptable f o r  f i e l d  use. Ca l ib ra t ion  mixtures of CO and 
CH4 i n  a i r  are commercially a v a i l a b l e  and can be obtained with a c e r t i f i -  
c a t e  of ana lys i s  of t h e  po l lu t an t  concentrat ion by in f r a red  ana lys i s .  
These mixtures are cu r ren t ly  used as primary s tandards ;  however, a d i r e c t  
technique f o r  producing o r  introducing known q u a n t i t i e s  of gases i n t o  an 
air  stream would be more convenient,  less expensive and inc rease  confidence 
i n  t h e  c a l i b r a t i o n .  Di lu t ion  and i n j e c t i o n  techniques have been used t o  
prepare s tandard mixtures from the  pure gas. 
cumbersome and t h e  accuracy quest ionable .  
eous air p o l l u t a n t s ,  such as s u l f u r  d ioxide ,  n i t rogen  dioxide,  hydrogen 
s u l f i d e ,  and c e r t a i n  hydrocarbons are a v a i l a b l e  commercially. However, 
d i f f u s i o n  tubes 
a v a i l a b l e  f o r  CO and CH4 

These methods are o f t en  
Diffusion tubes f o r  o the r  gas- 

(i .e. , t e f  lon  tubes containing l i q u i f  i ed  gas) are not  

Cons t ra ins t  and Spec i f i ca t ions  

The requirement of an improved technique f o r  preparing s tandard  concentra- 
t i o n s  of CO and CH4 are t h a t  t he  system be  capable of accura te ly  de l ive r -  
ing m i c r o l i t e r  q u a n t i t i e s  of CO and CH 
s t a b l e ,  temperature and pressure  i n s e n s i t i v e ,  r e l a t i v e l y  inexpensive,  and 
por tab le .  

i n t o  an a i r  stream, be  reproducible ,  4 

Characteristics of Relevant Technology- 

Direct dynamic c a l i b r a t i o n  of CO and CH4 monitors i n  t h e  f i e l d  can be  
obtained by i n j e c t i n g  s m a l l  known q u a n t i t i e s  of CO o r  CH4 i n t o  a stream of 
unpolluted d i l u e n t  a i r ,  Severa l  techniques are a v a i l a b l e  which might be 
appl icable  t o  t h e  s o l u t i o n  of t h i s  problem. These techniques include:  
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(1) Di f fus ion  through polymers 
(2) Di f fus ion  through metals 
(3) Di f fus ion  through ceramics 
(4) P rec i s ion  pressure  va lves  

The range of i n t e r e s t  f o r  c a l i b r a t i o n  of CO mon 
and f o r  hydrocarbon analyzers  i s  0-50 ppm. 

For Fur ther  Information Contact 

C. E. Decker 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
919-549-8311 Ext . 391 

t o r s  is 0-50 ppm 
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P R O B L E M  S T A T E M E N T  
RTI /AP-5 4 
March 1970 

"Automatic Instrumentat ion f o r  t h e  Measurement of 
Mass Flow of P a r t i c u l a t e s  From Combustion of Coal 

and Residual Fuel O i l  Sources" 

What is  Needed 

Automatic instrumentat ion is  needed f o r  monitoring mass flow of p a r t i c u l a t e s  
from f o s s i l  f u e l  sources .  

Background 

P a r t i c u l a t e  matter which o r i g i n a t e s  from combustion of coa l  and r e s i d u a l  
f u e l  o i l  sources  i s  a major a i r  po l lu t ion  problem. 
nances, allowable emissions from process vents  and from power p l an t  s t acks  
are l imi ted  i n  terms of the  mass of particles t h a t  can be  emit ted per u n i t  
volume of gas  o r ,  i n  terms of the  mass t h a t  can be  emit ted p e r  u n i t  weight 
of input  process material o r  p e r  u n i t  of power generated.  The researcher  
d e s i r e s  t o  measure t h e  mass flow of p a r t i c u l a t e s  i n  order  t o  c o n t r o l  t h e i r  
emissions,  determine t h e  e f f i c i e n c y  of commercially i n s t a l l e d  p a r t i c u l a t e  
con t ro l  equipment on a rou t ine  b a s i s ,  and avoid manual t e s t i n g .  

I n  many municipal ordi-  

I n  some systems t h e  mass of emitted material is  determined as a func t ion  
of gas flow or  of t i m e .  The gas ve loc i ty  wi th in  t h e  s t a c k  is measured, 
usua l ly  wi th  a p i t o t  tube,  t o  in su re  i s o k i n e t i c  sampling. An i s o k i n e t i c  
sample probe is  i n s e r t e d  and is  t raversed  across  t h e  s tack .  The sample 
p a r t i c l e s  are co l l ec t ed  on a s u i t a b l e  f i l t e r  t ape ,  and t h e  mass of p a r t i c l e s  
per u n i t  area of f i l t e r  t ape  ( c o r r e l a t i v e  t o  u n i t  volume samples) i s  
determined by beta-ray t ransmission.  
and t i m e  consuming, 

This method is  r e l a t i v e l y  expensive 

-- I n  s i t u  techniques are prefer red  f o r  t h e i r  p o t e n t i a l  cos t  reduct ions over 
present  methods, as w e l l  as f o r  t h e i r  compat ib i l i ty  with automatic systems. 
I f ,  however, i n  s i t u  techniques are not  achievable ,  a t  t h i s  t i m e ,  an in te r im 
s o l u t i o n  would be a rap id  method of c o l l e c t i n g  and measuring ex t r ac t ed  
samples. 

Cons t ra in ts  and Spec i f i ca t ions  

The technique must be  capable of measuring t h e  mass flow of p a r t i c u l a t e s ,  
l i q u i d  d r o p l e t  and dry ,  from 0.1 t o  15 gra ins /cu  f t  i n  s t a c k  e f f l u e n t s  
having gas v e l o c i t i e s  of 20-120 f t / s e c  and temperatures ranging up t o  900°F. 
The u l t ima te  cos t  of t h e  measuring device should be  less than $3,000. 

C h a r a c t e r i s t i c s  of Relevant Technology 

O p t i c a l ,  a cous t i ca l ,  or o ther  techniques based on new technology would be 
applicable, 
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For Fur ther  Information,  Contact 

C .  E. Decker 
Research Tr iangle  I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
919-549-8311 Ext.  391 
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RTI / AP -5 7 
March 1970 

P R O B L E M  S T A T E M E N T  

"Analytical  Techniques f o r  Trace Metals i n  
Combustion Ef f luen t s  from Coal and Residual Fuel  O i l  Sources" 

What i s  Needed 

Ana ly t i ca l  techniques f o r  t he  determination of trace metals i n  combustion 
e f f l u e n t s  from c o a l  and r e s i d u a l  f u e l  o i l  sources  are needed. 

Background 

A knowledge of t h e  concentrat ion of  metall ic a i r  p o l l u t a n t s  is  neces- 
s a r y  i s  a s ses s ing  h e a l t h  haza rds ,  damage t o  vege ta t ion ,  economic 
and geophysical e f f e c t s ,  and o the r s .  The r e sea rche r  d e s i r e s  t o  
measure t h e  concentrat ion of a i r  p o l l u t a n t s  containing trace 
metal components i n  o rde r  t o  determine t h e  s p e c i a l  requirement f o r  
con t ro l  of emissions containing such components. A t  t he  p re sen t  t i m e  
t h e r e  are no techniques a v a i l a b l e  f o r  i n  s i t u  ana lys i s  of trace metals 
i n  s t a c k  e f f l u e n t s .  Stack sampling procedures f o r  e x t r a c t i n g  samples 
from combustion e f f l u e n t s  and a n a l y t i c a l  techniques f o r  determining 
t r a c e  metals i n  the  e x t r a c t e d  sample are, however, ava i l ab le .  The 
des i r ed  s o l u t i o n  t o  t h i s  problem would be  a n a l y t i c a l  techniques f o r  
i n  s i t u  a n a l y s i s ;  however, new a n a l y t i c a l  techniques n o t  s u i t e d  f o r  
i n  s i t u  a n a l y s i s  but  amenable t o  ana lys i s  of metals i n  e x t r a c t  samples 
would be  of  i n t e r e s t  t o  t h e  researcher.  Flame emission and atomic 
absorpt ion techniques are commonly used f o r  a n a l y s i s  of e x t r a c t e d  
samples. 

The r e sea rche r ' s  p r i o r i t y  of i n t e r e s t  i n  these p o l l u t a n t s  is  as follows: 

1s t P r i o r i t y  

Arsenic 
Asbestos 
Beryllium 
C admi um 
Mercury 
Nickel 

2nd P r i o r i t y  

Barium 
Chromium 
Vanadium 

3rd P r i o r i t y  

I r o n  
Manganese 
Selenium 
Lead 

These substances w i l l  be found e i t h e r  i n  the s o l i d  o r  vapor phase of 
var ious combustion e f f l u e n t s .  These metallic p o l l u t a n t s  may occur 
as t h e  primary c o n s t i t u e n t  of t h e  f u e l  o r  may b e  added t o  enhance o r  
con t ro l  combustion o r  t o  reduce o t h e r  p o l l u t a n t  emissions. 
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Constraints  and Spec i f i ca t ions  

The technique should be amenable t o  a n a l y s i s  of  metals i n  s t a c k  e f f l u e n t s  
having gas v e l o c i t i e s  of from 20-120 f t / s e c .  and temperatures up t o  
2000°F. 
q u a n t i t i e s  of metals. 

Applicable techniques should be  capable of d e t e c t i n g  microgram 

C h a r a c t e r i s t i c s  of Relevant Technology 

Ana ly t i ca l  techniques involving X-ray d i f f r a c t i o n ,  microprobe a n a l y s i s ,  
nuc lea r  a c t i v a t i o n  a n a l y s i s ,  o r  new technology would be  app l i cab le  t o  
t h i s  problem. 

For more information contact 

C. E. Decker 
Research Tr i ang le  I n s t i t u t e  
P. 0. Box 12194 
Research Tr i ang le  Park 
North Carol ina 27709 
919-549-8311 Ext. 3 9 1  
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RTI /AI?-58 
J u l y  1970 

P R O B L E M  S T A T E M E N T  

"Direct Measurement of Flame Temperature i n  Combustion Processes" 

What is  Needed 

A d i r e c t ,  non in te r f e r ing  technique is  needed f o r  measurement of flame 
temperature i n  combustion processes .  

Background 

Of t h e  several oxides of n i t rogen  which can occur,  n i t r i c  oxide (NO) and 
ni t rogen dioxide (N02) are considered t o  be  of s i g n i f i c a n c e  i n  t h e i r  con- 
t r i b u t i o n  t o  air  po l lu t ion .  Nitrogen dioxide i s  one of t h e  r e a c t a n t s  i n  
t h e  photochemical formation of eye i r r i t a t i n g  smog. 
experienced by most major ci t ies a t  va r ious  t i m e s  i n  t he  p a s t .  

Such smog has been 

Cyclic domestic o i l  furnaces is  one of many sources  emi t t i ng  n i t rogen  
oxides as p o l l u t a n t s .  
furnace may be low, t h e  l a r g e  number of furnaces i n  operat ion combine t o  
create a s i g n i f i c a n t  problem. 
shown t h a t  t h e  level of production of ni t rogen oxides i s  a func t ion  of 
burner design, flame temperature, and oxygen concentrat ion.  By maintaining 
a f ixed  oxygen concentrat ion t h e  in f luence  of t h i s  v a r i a b l e  can be  el iminated.  
Thus, t o  test t h e  hypothesis t h a t  n i t rogen  oxide emissions can be  minimized 
by s e l e c t i o n  of proper burner design and flame temperature,  t h e  r e sea rche r s  
must be ab le  t o  study and map temperature p r o f i l e s  and p a t t e r n s  i n  t h e  flame 
without d i s tu rb ing  t h e  flame i t s e l f .  

Even though emissions from a s i n g l e  domestic 

Experiments conducted by NAE'CA personnel have 

A t  t h e  present  t i m e ,  thermocouples are used t o  measure flame temperature; 
however, i n s e r t i o n  of t he  thermocouple i n t o  t h e  flame d i s t u r b s  t h e  flame 
thus c r e a t i n g  a nonideal  s i t u a t i o n .  

Constraints  and Spec i f i ca t ions  

The p re fe r r ed  technique would y i e l d  a po in t  value of flame temperature; 
however, an acceptable  a l t e r n a t e  would be  a technique f o r  looking a t  s e c t i o n s  
of t h e  flame t o  g e t  two-dimensional p r o f i l e s  of he igh t  and length.  

Any acceptable  technique must b e  d i r e c t ,  non in te r f e r ing  capable of 
measuring temperatures i n  t h e  range of 1500 t o  4000"F, and s u i t a b l e  f o r  
measurement of flame temperatures i n  f i reboxes with minimum dimensions of 
10" x 10" x 28". Also, s u i t a b l e  c a l i b r a t i o n  procedures are required f o r  
any accepted technique. 

C h a r a c t e r i s t i c s  of Relevant T e c .  

Photographic, spectrographic.  and o t h e r  techniques based on new technology 
would be  app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
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For Fur ther  Information, Contact 

C l i f fo rd  E .  Decker 
Research Tr iangle  I n s t i t u t e  
P. 0. Box 12194 
Research Tr iangle  Park 
North Carol ina 27709 
919-549-8311 Ext. 391 
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P R O B L E M  S T A T E M E N T  

"Portable  Carbon Monoxide Analyzer" 

RTI /AP-60 
J u l y  1970 

What i s  Needed 

A p o r t a b l e ,  bat tery-operated carbon monoxide ana lyze r  is needed f o r  
use i n  emergency episode monitoring. 

Background 

A knowledge of t h e  concen t r a t ion  of t o x i c  a i r  p o l l u t a n t s  is necessary 
i n  a s ses s ing  p o t e n t i a l l y  hazardous s i t u a t i o n s  during emergency a i r  
p o l l u t i o n  episodes.  
has t h e  r e s p o n s i b i l i t y  of formulating emergency episode p l ans  and 
obtaining r e l i a b l e ,  p o r t a b l e  instrumentat ion f o r  u se  during t h e s e  
s i t u a t i o n s .  P o t e n t i a l l y  dangerous s i t u a t i o n s  can r e s u l t  from explosions 
a t  chemical p l a n t s ;  derai lment  of railway tank cars carrying poisonous 
gases;  p o l l u t i o n  buildup on crowded frecwzys, i n  t r a f f i c  jams, and under 
adverse meteorological  condi t ions (i .e. , temperature inve r s ions  and 
s t a g n a t i o n  pe r iods ) ;  and from a c c i d e n t a l  d i scha rge  of p o l l u t a n t s  i n t o  
t h e  atmosphere due t o  f a i l u r e  of c o n t r o l  equipment. 
avert disaster,NAPCA must b e  a b l e  t o  go quickly i n t o  t h e  area, i d e n t i f y  
and determine t h e  ex ten t  of t h e  problem, and t a k e  e f f e c t i v e  measures. 
Po r t ab le ,  r e l i a b l e  instrumentat ion is required t o  determine p o l l u t a n t  
concentrat ions i n  t h e  a f f e c t e d  area. 

The Na t iona l  A i r  P o l l u t i o n  Control  Adminis t ra t ion 

To e f f e c t i v e l y  

The researcher needs a p o r t a b l e ,  l i gh twe igh t  carbon monoxide (CO) 
analyzer  f o r  determining t h e  concentrat ion of CO I n  ambient air during 
zn air p o l l u t i o n  episode. The concen t r a t ion  range of i n t e r e s t  i s  f r o n  
10 t o  53 p a r t s  pe r  m i l l i o n  (ppm). Normal background levels of CO range 
from apFroximately 0 .2  t o  1 ppm. Adverse h e a l t h  e f f e c t s  and automobile 
d r i v e r  f a t i g u e  has  been docunented when exposure levels exceed 20 t o  3 C  
ppm. Carbon monoxide concentrat ions i n  ambient a i r  are u s u a l l y  monitored 
by nondispersive,  i n f r a r e d  techniques; however, t h e s e  analyzers  are no t  
po r t ab le .  According t o  NAPCA, no commercial dev ice  as descr ibed above 
is ava i l ab le .  Under an emergency episode cond i t ion ,  t h e  instrument would 
be  flown t o  t h e  s i t e  of t h e  problem, set up i n  an automobile, and used 
t o  measure t h e  concentrat ion of CO i n  t h e  area. 

Cons t r a in t s  and S p e c i f t c a t i o n s  . .. 

The CO analyzer  must b e  l i gh twe igh t ,  p o r t a b l e ,  operable on b a t t e r y  power, 
r e l a t i v e l y  inexpensive ( i .e. ,  less than $3,000), r e l i a b l e ,  e a s i l y  
maintained, amenable t o  sampling from a moving automobile, and rugged. 
The concen t r a t ion  range of i n t e r e s t  is  from 10 t o  50 ppm; however, a range 
of 0-100 ppm o r  0-500 ppm would b e  s a t i s f a c t o r y ,  provided t h e  sens i -  
t i v i t y  of t h e  lnstrument was 0.5 ppm CO o r  b e t t e r .  
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C h a r a c t e r i s t i c s  of Relevant Technology 

The fo l lox ing  comments are i n  no way intended t o  bias reviewers from 
o the r  lines of approach. 
sensors  should be  app l i cab le  t o  t h e  s o l u t i o n  of t h i s  problem. 
t i o n a l  systems using nondispersive i n f r a r e d  would be app l i cab le ,  i f  
they could be made p o r t a b l e  and t h e  ce l l  pa th-shor tened  without  loss 
of s e n s i t i v i t y  . 

New technology in  t h e  area of thin-film 
Conven- 

For More Information,  Contact 

C. E. Decker 
Research Tr i ang le  I n s t i t u t e  
P .  0. Box 12194 
Pzsearch Tr iangle  Park 
N_oy*h Carol ina 27709 . 
919-549-8311 Ext. 391 
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